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(54) Driving apparatus and method for a plasma display panel 



(57) A driving apparatus comprises switches SW1 
to Sw3, a first signal line OUTA, and a second signal line 
OUTB. By ON/OFF control of the switches SW1 to Sw3, 
the voltage of the first signal line OUTA is changed be- 
tween a positive voltage (+1/2V) level, which is smaller 
than a voltage V to be applied to a load 20, and the 
ground level, and the voltage of the second signal line 
OUTB is changed between the ground level and a neg- 
ative voltage (-1/2V). By ON/OFF control of switches 



SW4 and SW5, the positive and negative voltages given 
by the first and second signal lines are selectively ap- 
plied to the load 20. The maximum voltage applied to 
each element in the driving apparatus can be thereby 
lowered to the voltage (1/2V), which is smaller than the 
voltage V to be applied to the load 20: This makes it 
possible to hold down the breakdown voltage of each 
element to half the value in previously -considered ap- 
paratus. 
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Description 

[0001] The present invention relates to driving appa- 
ratus and methods, plasma display apparatus, and pow- 
er supply circuits for plasma display panel, suitable for, 
e.g., AC-driven plasma displays. 
[0002] In recent years, demand has increased for re- 
placing CRTs with flat matrix type display apparatus 
such as PDPs (Plasma Display Panels), LCDs (Liquid 
Crystal Displays), and ELDs (Electro-Luminescence 
Displays) in terms of decreased thickness. In particular, 
AC-driven PDPs are excellent in visibility because they 
are self-emission type displays. They can make display 
on a large screen with a thin device. Thus they have 
received a great deal of attention as a next-generation 
display that can realize higher image quality than CRTs. 
[0003] Previously-considered AC-driven PDPs are 
classified into two-electrode type PDPs performing se- 
lective discharge (address discharge) and sustain dis- 
charge with two electrodes : and three-electrode type 
PDPS performing address discharge further using a 
third electrode. The three-electrode type PDPs are fur- 
ther classified into PDPs having its third electrode 
formed on the same substrate as its first and second 
electrodes, and PDPs having its third electrode formed 
on another substrate opposite to the substrate of its first 
and second electrodes. 

[0004] All types of PDP apparatus described above 
are based on the same principle. Thus the construction 
of a PDP apparatus will be described below wherein first 
and second electrodes for performing sustain discharge 
are formed on a first substrate, and a third electrode is 
separately prepared on a second substrate opposite to 
the first substrate. 

[0005] Fig. 1 is a diagrammatic view showing the 
whole construction of an AC-driven PDP apparatus. Re- 
ferring to Fig. 1, an AC-driven PDP 1 is provided with 
parallel scanning electrodes Y1 to Yn and common elec- 
trodes X formed on one surface, and address electrodes 
A1 to Am formed on the opposite surface so as to be 
perpendicular to the electrodes Y1 to Yn and X. Each 
common electrode X is disposed close to its corre- 
sponding one of the scanning electrodes Y1 to Yn. The 
common electrodes X are commonly connected to one 
terminal. 

[0006] The common terminal of the common elec- 
trodes X is connected to the output terminal of an X-side 
circuit 2. The scanning electrodes Y1 to Yn are connect- 
ed to the output terminals of a Y-side circuit 3. The ad- 
dress electrodes A1 to Am are connected to the output 
terminals of an address-side circuit 4. The X-side circuit 
2 comprises a circuit for repeating a discharge. The Y- 
side circuit 3 comprises a circuit for line-sequential scan, 
and a circuit for repeating a discharge. The address-side 
circuit 4 comprises a circuit for selecting a line to be dis- 
played. These X-side circuit 2, Y-side circuit 3, and ad- 
dress-side circuit 4 are controlled with control signals 
from a control circuit 5. More specifically, the address- 



side circuit 4 and the circuit for line-sequential scan in 
the Y-side circuit determine cells to be lit, and the display 
of the PDP is made by repeating discharges of the X- 
and Y-side circuits 2 and 3. 
5 [0007] The control circuit 5 generates the control sig- 
nals on the basis of external display data D, a clock CLK 
representing read timing for the display data D, a hori- 
zontal sync signal HS, and a vertical sync signal VS, 
and supplies the control signals to the X-side circuit 2, 
io the Y-side circuit 3, and the address-side circuit 4. 
[0008] Fig. 2A is a sectional view of a cell Cij as one 
pixel, which is in the i-th row and the j-th column. Refer- 
ring to Fig. 2A, a common electrode X and a scanning 
electrode Yi are formed on a front glass substrate 11. 
is The structure is coated with a dielectric layer 12 for in- 
sulating the electrodes from a discharge space 17. The 
resultant structure is further coated with an MgO (mag- 
nesium oxide) protective film 13. 
[0009] An address electrode Aj is formed on a back 
glass substrate 14 opposite to the front glass substrate 
11 . A dielectric layer 15 is formed on the address elec- 
trode Aj. The dielectric layer 15 is coated with a fluores- 
cent substance. The discharge space 17 between the 
MgO protective film 13 and the dielectric layer 15 is 
charged with Ne + Xe Penning gas. 
[0010] Fig. 2B is for explaining a capacitance Cp in 
the AC-driven PDP. Referring to Fig. 2B, in the AC-driv- 
en PDP, capacitance components Ca, Cb, Cc appear in 
the discharge space 17, between the common and 
scanning electrodes X and Y, and within the front glass 
substrate 11, respectively. The sum of them gives the 
capaicitance Cpceli per cell (Cpcell = Ca + Cb + Cc). The 
total of the capacitances Cpcell of all cells gives the pan- 
el capacitance Cp. 

[0011] Fig. 2C is for explaining fluorescence in the 
AC-driven PDP. Referring to Fig. 2C, fluorescent sub- 
stances for red, blue, and yellow are applied to be ar- 
ranged each color in stripes on the inside surfaces of a 
ribs 16. A discharge between common and scanning 
electrodes X and Y excites the corresponding fluores- 
cent substance 18 to fluoresce. 

[0012] Fig. 3 is a timing chart showing voltage wave- 
forms in a driving method of the AC-driven PDP. Fig. 3 
shows one of subfields making up one frame. One sub- 
field is divided into a reset period consisting of a full write 
period and a full erase period, an address period, and 
a sustain discharge period. 

[0013] First in the reset period, al! the scanning elec- 
trodes Y1 to Yn are set at the ground level (0 V). Simul- 
taneously with this, a full write pulse having a voltage 
Vs + Vw (about 400 V) is applied to the common elec- 
trodes X. At this time, all the address electrodes A1 to 
Am are at a potential Vaw (about 100 V). As a result, 
discharge occurs in every cell of every display line to 
generate wall charges, independently of the preceding 
display state. 

[001 4] Next, the potentials of the common electrodes 
X and the address electrodes A1 to Am become 0 V. 
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The voltage by wall charges themselves then exceeds 
the discharge start voltage in every cell, and discharge 
starts. This discharge makes no wall charge because 
there is no difference in potential between electrodes. 
Space charges are neutralized by themselves to end 
discharge. This is so-called self-erase discharge. By this 
self -erase discharge, all cells in the panel become a uni- 
form state free from wall charges. This reset period 
serves to set all cells in the same state independently 
of the ON/OFF state of each cell in the preceding sub- 
field. This makes it possible to perform the subsequent 
address (write) discharge stably. 
[0015] Next, in the address period, address discharge 
is line-sequentially performed to turn each cell ON/OFF 
in accordance with display data. More specifically, a 
voltage at -Vy level (about -1 50 V) is applied to the scan- 
ning electrode Y1 corresponding to the first display line, 
and a voltage at -Vsc level (about -50 V) is applied to 
the scanning electrodes Y2 to Yn corresponding to the 
remaining display lines. At the same time, an address 
pulse having a voltage Va (about 50 V) is selectively ap- 
plied to an address electrode Aj corresponding to a cell 
to undergo sustain discharge, Le., to be turned ON, in 
the address electrodes A1 to Am. 
[0016] Consequently, discharge occurs between the 
scanning electrode Y1 and the address electrode Aj of 
the cell to be turned ON. With this priming (pilot), dis- 
charge between the scanning electrode Y1 and the cor- 
responding common electrode X having a voltage Vx 
starts immediately. An amount of wall charges enough 
for the next sustain discharge is then stored on the sur- 
face of the MgO protective film 1 3 on the common elec- 
trode X and the scanning electrode Y1 of the selected 
cell. Similarly for the scanning electrodes Y2 to Yn cor- 
responding to the remaining display lines, the voltage at 
-Vy level is applied to the scanning electrodes of select- 
ed cells in order, and the voltage at -Vsc level is applied 
to the remaining scanning electrodes of non-selected 
cells. New display data is thereby written in all display 
lines. 

[0017] In the subsequent sustain discharge period., a 
sustain pulse having the voltage Vs (about 200 V) is al- 
ternately applied to the scanning electrodes Y1 to Yn 
and the common electrodes X to perform sustain dis- 
charge. An image of one subfield is displayed. The lu- 
minance of the image is determined by the length of the 
sustain discharge period, i.e., the number of times or the 
frequency of sustain pulse application. 
[0018] In such an AC-driven PDP, the voltage Vf at 
which a gas discharge starts between the surfaces of 
the common and scanning electrodes X and Y, is within 
the range of 220 to 260 V in general. Within an address 
period, e.g., in a cell to display, the voltage is applied 
between the address and scanning electrodes A and Y 
to make a gas discharge occur. Using it as a trigger, a 
discharge is made to occur between the common and 
scanning electrodes Xand Y, so as to leave wall charges 
on the common and scanning electrodes X and Y in the 



cell. 

[0019] In the subsequent sustain discharge period, 
with the wall charges Vwall generated in the address 
period, and the sustain pulse voltage Vs applied be- 

s tween the common and scanning electrodes X and Y, a 
gas discharge can be made to occur by setting IVs + 
Vwalll at Vf or more. The value of the voltage Vs is not 
more than the discharge start voltage Vf . A voltage value 
that IVsl < I Vf I < IVs + Vwalll is used as Vs. 

10 [0020] When a gas discharge once occurs between 
the common and scanning electrodes X and Y, the wall 
charges on the common and scanning electrodes X and 
Y in the cell are replaced by wall charges in \he reverse 
polarity to end the gas discharge. Thus a sustain pulse 

*s voltage Vs in the polarity reverse to the previous one is 
applied between the common and scanning electrodes 
X and Y A gas discharge thereby occur again using the 
wall charges newly generated on the common andscan- 
ning electrodes X and Y By repeating the above oper- 

20 ations, the gas discharges can be repeated. 

[0021] The above-described "write address method 1 " 
is an example of driving method for such an AC-driven 
PDP, in which the wall charges of all cells in the panel 
are erased in a reset period, and cells to display are se- 

25 lectively subjected to discharges in the subsequent ad- 
dress period to accumulate wall charges. Contrastingly 
in "erasion address method" as another example, wall 
charges are accumulated in relation to all cells in the 
panel in a reset period, and cells not to display are se- 

30 lectively subjected to discharges in the subsequent ad- 
dress period to erase their wall charges, thereby leaving 
wall charges only in cells to display. 
[0022] Fig. 4 is acircuit diagram showing a partial con- 
struction of a driving apparatus for the previously-con- 

35 sidered PDP apparatus. Referring to Fig. 4, a load 20 
represents the total capacitance of the cells formed be- 
tween one common electrode X and one scanning elec- 
trode Y. The load 20 is provided with a common elec- 
trode X and a scanning electrode Y, to which pulse volt- 

40 ages described with Fig. 3 are applied by the X-side cir- 
cuit 2 and the Y-side circuit 3. 

[0023] The X-side circuit 2 includes a power supply 
circuit 21, a power recovery circuit 22, and a sustainer 
circuit 23. The power supply circuit 21 comprises a diode 
45 D1 connected to the power supply line of the sustain 
pulse voltage Vs, transistors Tr1 and Tr2 connected in 
series between the ground (GND) and the power supply 
line o1 the write voltage Vw, and a capacitor C1, con- 
nected between the common drain of the transistors Tr1 
50 and Tr2 and the output of the diode D1 . 

[0024] To apply the full write pulse to the common 
electrodes X in the reset period, the transistor Tr1 is 
turned ON, and the transistor Tr2 is turned OFF. The 
sustain pulse voltage Vs having passed through the di- 
ss- ode D1 and the write voltage Vw are summed and sup- 
plied to the sustainer circuit 23. To apply the sustain 
pulse to the common electrodes X in the sustain dis- 
charge period, the transistor Tr1 is turned OFF, and the 
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transistor Tr2 is turned ON. The sustain pulse voltage 
Vs having passed through the diode D1 is directly sup- 
pliedJo the sustainer circuit 23. 
[0025] The sustainer circuit 23 comprises a switch cir- 
cuit made by a parallel connection of a transistor Tr5 
and a diode D5, two diodes D7 and D8 connected in 
series to the switch circuit, and a switch circuit made by 
a parallel connection of a transistor Tr6 and a diode D6 
and connected in series to the diode D& The node be- 
tween the diodes D7 and D8 is connected to the com- 
mon electrode X of the load 20. 

[0026] When the transistor Tr5 is ON and the transis- 
tor Tr6 is OFF, the sustain pulse voltage Vs or the full 
write pulse voltage Vs + Vw supplied from the power 
supply circuit 21 is applied to the common electrode X. 
Contrastingly, when the transistor Tr5 is OFF and the 
transistor Tr6 is ON, the ground level voltage (0 V) is 
applied to the common electrode X. 
[0027] The power recovery circuit 22 comprises two 
coils L1 and 12 connected to the capacitive load 20 of 
the PDP through the respective diodes D7 and DB, a 
diode D3 and a transistor Tr3 connected in series to one 
coil LI, a diode D4 and a transistor Tr4 connected in 
series to the other coil L2, and a capacitor C2 connected 
between the ground and the common terminal of the 
transistors Tr3 and Tr4. 

[0028] The capacitive load 20 and the two coils L1 and 
L2 connected to the load 20 through the two diodes D7 
and D8 form two series of resonance circuits. More spe- 
cifically, the power recovery circuit 22 has two series of 
L-C resonance circuits. The power recovery circuit 22 is 
for recover the charges supplied by a resonance of the 
coil LI and the capacitive load 20, by a resonance of the 
coil L2 and the capacitive load 20. 
[0029] The Y-side circuit 3 includes a scan driver 31 , 
a sustainer circuit and power supply circuit 32, and a 
power recovery circuit 33. The scan driver 31 comprises 
two transistors Tr7 and Tr8 connected in series. The 
node between the two transistors Tr7 and Tr8 is con- 
nected to the scanning electrode Y of the load 20. A scan 
pulse voltage a non-selection pulse voltage -Vsc, 
or a sustain pulse voltage Vs supplied from the power 
supply circuit 32 described later is applied to the scan- 
ning electrode Y. 

[0030] The sustainer circuit and power supply circuit 
32 comprises transistors Tr9 and Tr1 0 connected to the 
power supply line of the scan pulse voltage -Vy, a tran- 
sistor Tr1 1 and a diode D9 connected to the power sup- 
ply line of the non-selection pulse voltage -Vsc, a tran- 
sistor Tr12 connected to the power supply line of the 
sustain pulse voltage Vs, a transistor Tr1 3 connected to 
the ground for leakage control, and a transistor Tr1 4 and 
diode D1 4 for disconnecting the power supply line of the 
scan pulse voltage -Vy and non-selection pulse -Vsc, 
fromaGND line. 

[0031] By appropriately controlling ON/OFF of each 
of the transistors Tr7 to Tr14 of this sustainer circuit and 
power supply circuit 32 and scan driver 31, the scan 



pulse voltage -Vy, the non-selection pulse voltage -Vsc, 
or the sustain pulse voltage Vs is applied to the scanning 
electrode Y, as shown in Fig. 3. 
[0032] The power recovery circuit 33 comprises two 

5 coils L3 and L4 connected to the capacitive load 20 
through the respective transistors Tr7 and Tr8, a diode 
D12 and a transistor Tr15 connected in series to one 
coil L3, a diode D13 and a transistor Tr16 connected in 
series to the other coil L4, and a capacitor C3 connected 

10 between the ground and the common terminal of the 
transistors Tr15 and Tr16. 

[0033] This power recovery circuit 33 also has two se- 
ries of L-C resonance circuits. The power recovery cir- 
cuit 22 is for recover the charges supplied by a reso- 
ld nance of the coil L1 and the capacitive load 20, by a 
resonance of the coil L2 and the capacitive load 20. 
[0034] Fig. 5 is a circuit diagram showing an example 
of previously-considered constructions of a line-se- 
quentially scanning circuit in the Y-side circuit 3, and dis- 
20 charge repeating circuits in the X- and Y-side circuits 2 
and 3. 

[0035] Referring to Fig. 5 ; each of switches SW1 and 
SW2 comprises FETs connected in parallel. The switch 
SW1 is connected to a power supply Vs. A power recov- 
25 ery circuit including coils L1 and L2, switches SW3, 
SW5, and SW6, and a capacitor C1 is provided on the 
common electrode X side. A switch SW7 is connected 
between a power supply Vax and the common electrode 
X. 

30 [0036] On the scanning electrode Y side, a scan driver 
including switches SW20 and SW21 is connected to the 
scanning electrode Y On the switch SW20 side of the 
scan driver, a power supply Vsc is connected through a 
switch SW18, and a switch SW11 is connected. On the 

35 switch SW21 side of the scan driver, a power supply (- Vy) 
is connected through switches SW16 and SW1 7, and the 
ground terminal is connected through a switch SW19. On 
the switch SW21 side, a diode D1 and switches SW10 
and SW15 are connected between the switch SW21 and 

40 the power supply Vs, as shown in the drawing. 

[0037] An A/S separation circuit for isolating the cir- 
cuit for line-sequential scan (for address) and the circuit 
for repeating a discharge (for sustainer) is made up from 
a diode D2 provided on the switch S W20 side of the scan 

45 driver, and a switch SW15 provided on the switch SW21 
side of the scan driver. Also on the scanning electrode 
Y side, a power recovery circuit is provided which com- 
prises coils L3 and L4, switches SW12, SW13, and 
SW14, and a capacitor C2. 

50 [0038] Fig. 6 shows an example of construction of a 
high-voltage power supply necessary for the above cir- 
cuit shown in Fig. 5. Referring to Fig. 6, as the values of 
the voltages Vs, Vax, Vy, and Vsc, respectively used are 
180 V, 50 V, -1 80 V, and -80 V, which are high voltages. 

55 r [0039] Fig. 7 is a timing chart showing an operation of 
the above circuit shown in Fig. 5. In a scanning period, 
the switches SW16, SW17, and SW18 on the scanning 
^electrode Y side are turned ON to apply a voltage Vsc 
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(= 100 V) between both terminals of the scan driver Fur- 
ther, the switch SW21 is turned ON to apply a voltage 
(-Vy = -180 V) to one scanning electrode Y which is the 
scanning target, and the switch SW20 is turned ON to 
apply a voltage (Vsc - Vy = - 80 V) to the remaining scan- 
ning electrodes Y. 

[0040] At the intersection between the scan pulse of 
- 180 V to the one scanning electrode Y which is the 
scanning target, and each address electrode A, e.g., in 
case of making a display, a gas discharge is made to 
occur by a voltage Va (= 60 V) applied to the address 
electrode A. Using the gas discharge between the ad- 
dress and scanning electrodes A and Y as a trigger, a 
discharge is further made to occur between the common 
electrode X (to which a voltage Max is applied by turning 
the switch SW7 ON) and the scanning electrode Y (to 
which a voltage of -180 V is applied). Wall charges dif- 
ferent in polarity from the applied voltages are thereby 
generated on the dielectric layer 12 on the scanning 
electrodes X and Y shown in Fig. 2. This operation is 
performed to every scanning electrode Y 
[0041] The A/S separation circuit is for preventing a 
short circuit between the diode D1 and the switch SW1 6 
in its ON state due to the voltage (-Vy) that is lower than 
the ground level, and for preventing a short circuit be- 
tween the switch SW18 and a diode parasitic on the 
switch SW11 due to the voltage Vsc that is lower than 
the ground level. During the above operation, the switch 
S W1 5 is kept OFF A voltage of 1 80 V is applied between 
both terminals of the switch SW15. 
[0042] In the subsequent sustain discharge period, 
the switches SW12 and SW15 on the scanning elec- 
trode Y side are turned ON, and the switch SW2 on the 
common electrode X side is turned ON. An L-C reso- 
nance thereby occurs by the coil L3 and the capacitance 
Cp of the PDP panel with using the capacitor C2, whose 
one terminal is always grounded, as a power supply. 
The voltage on the scanning electrode Y side is raised 
near Vs. Next, the switch SW10 is turned ON to raise 
the voltage to Vs, and thereby the voltage being applied 
to the scanning electrode Y is set at Vs. At this time, the 
voltage Vs (= 180 V) is applied between both terminals 
of the switch SW 11 , which is being OFF. 
[0043] The voltage Vs being applied between the 
common and scanning electrodes X and Y is thereby 
added to a voltage due to wall charges generated in the 
above-described scanning period, and so a gas dis- 
charge starts. The current then flows through the switch- 
es SW10, SW15, and SW2. At this time, wall charges 
are again generated as described above. 
[0044] Next, on the scanning electrode Y side, the 
switches SW10 and SW12 are turned OFF, and the 
switch SW13 is turned ON. An L-C resonance thereby 
occurs by the coil L4 and the capacitance Cp of the PDP 
panel with using the capacitor C2, whose one terminal 
is always grounded, as a power supply. The voltage on 
the scanning electrode Y side is lowered near the 
ground level. Next, the switch SW11 is turned ON to low- 



er the voltage to the ground level, and thereby the volt- 
age being applied to the scanning electrode Y is set at 
the ground level. At this time, the voltage Vs (= 180 Vy 
is applied between both terminals of the switch SW 10, 

5 which is being OFF. 

[0045] Next, the switch SW3 on the common electrode 
X side is turned ON. An L-C resonance thereby occurs 
by the coil L1 and the capacitance Cp of the PDP panel 
with using the capacitor C1 , whose one terminal is always 

10 grounded, as a power supply. The voltage on the com- 
mon electrode X side is raised near Vs. Next, the switch 
SW1 is turned ON to raise the voltage to Vs, and thereby 
the voltage being applied to the common electrode X is 
set at Vs. At this time, the voltage Vs (= 180 V) is applied 

is between both terminals of the switch SW 2, which is being 
OFF. 

[0046] The voltage Vs being applied between the 
common and scanning electrodes X and Y is thereby 
added to a voltage due to wall charges generated some 
20 time ago, and so a gas discharge starts. The current 
then flows through the switches SW1 and SW11 . At this 
time, wall charges are again generated as described 
above. 

[0047] Next, on the common electrode X side, the 
25 switches SW1 and SW3 are turned OFF and the switch 
SW6 is turned ON. An L-C resonance thereby occurs 
by the coil L2 and the capacitance Cp of the PDP panel 
with using the capacitor C1, whose one terminal is al- 
ways grounded, as a power supply. The voltage on the 
so common electrode X side is lowered near the ground 
level: Next, the switch SW2 is turned ON to lower the 
voltage to the ground level, and thereby the voltage be- 
ing applied to the common electrode X is set at the 
ground level. At this time, the voltage Vs (= 180 V) is 
35 applied between both terminals of each of the switch SW 
1 on the common electrode X side and the switch SW10 
on the scanning electrode Y side, which are being OFF. 
[0048] The breakdown voltages of various elements 
of the driving apparatus are determined by the maxi- 
ma mum voltage of the pulse to be applied to the elements. 
In the previously-considered driving apparatus, a fixed 
voltage supplied from the power supply lines is applied 
to the load. For example, one of the X and Y electrodes 
is set at the ground level and the fixed voltage is applied 
45 to the other. For this reason, each element in the driving 
apparatus must have a high breakdown voltage corre- 
sponding to the fixed voltage. 

[0049] In particular, in case of the construction shown 
in Fig. 4, each element making up the sustainer circuit 

so 23intheX-sidecircuit2, requires a very high breakdown 
voltage corresponding to the full write pulse voltage Vs 
+ Vw (about 400 V). Thus an expensive and large 
switching element such as a FET must be used to en- 
sure a sufficient breakdown voltage. This causes a com- 

55 p[ex circuit construction and a very high manufacturing 
cost. 

[0050] Besides, in case of the construction shown in 
Fig. 5, the breakdown voltage of each FET of the switch- 



9 



EP 1 065 650 A2 



10 



es SW1, SW2, SW10 : SW 11, and SW15, must be Vs 
or more. In addition, each FET of those switches is tor 
controlling a gas discharge current, so it must have a 
low ON voltage for a stable gas discharge. However, 
generally in FETs, the higher the breakdown voltage is, 
the higherthe ON voltage is (in case of double the break- 
down voltage, proportionally to the third to fourth power 
of two). For this reason, in order to drive the PDP stably, 
it is required to dispose FETs in parallel in each of the 
switches SW1 , SW2, SW10, SW 1 1 , and SW15 for con- 
trolling a gas discharge current, so as to decrease its 
ON voltage. Thus a higher breakdown voltage causes 
an increase in cost on each FET. Besides, an increase 
in the number of FETs causes a further increase in cost. 
Further, for realizing such waveforms as shown in Fig. 
7 by the circuit of Fig. 5, four kinds of high-voltage power 
supplies are required. This also causes an increase in 
cost. 

[0051] Besides, a fixed voltage to be applied to the 
load is very high. For this reason, when charging or dis- 
charging is performed in relation to the capacitance of 
the load, a very large power loss occurs. 
[0052] It is therefore desirable to provide driving ap- 
paratus and methods wherein the breakdown voltage of 
each element of the driving apparatus is held down, 
thereby realizing simplification in circuit construction 
and reduction of manufacturing cost. 
[0053] It is also desirable to reduce the power con- 
sumption when charging or discharging is performed in 
relation to the capacitance of the load. 
[0054] According to an embodiment of one aspect of 
the present invention there is provided a driving appa- 
ratus which comprises a first signal line for applying a 
voltage at a first level to a load, and a second signal line 
for applying a voltage at a second level to the load, 
wherein the voltage of the second signal line is set at a 
third level and the voltage of the first signal line is set at 
the first level to apply the voltage at the first level to the 
load through the first signal line, and the voltage of the 
first signal line is set at the third level and the voltage of 
the second signal line is set at the second level to apply 
the voltage at the second level to the load through the 
second signal line. 

[0055] Such an embodiment of the present invention 
makes it possible for a power supply which generates 
a voltage less than a predetermined voltage to be ap- 
plied to the load, to generate the voltages at the first and 
second levels the absolute values of which are less than 
that of the predetermined voltage. Selectively applying 
those voltages to the toad substantially achieves appli- 
cation of the predetermined voltage to the load. The volt- 
age applied to each element in the driving apparatus is 
then the first or second level voltage at most, so the 
breakdown voltage of each element can be held down 
in comparison with its previously-considered apparatus. 
This makes it possible to use inexpensive small ele- 
ments and so realize simplification in circuit construction 
and reduction of manufacturing cost. 



[0056] Besides, the voltage to be applied to the load 
is sufficed by the voltages at the first and second levels, 
whose absolute values are less than that of the prede- 
termined voltage. Thus the power consumption can be 
5 reduced in comparison with previously-considered ap- 
paratus, in which the predetermined voltage itself is ap- 
plied to the load. 

[0057] Reference will now be made by way of exam- 
ple, to the accomoanying drawings in which: 



10 

Fig. 1 is a diagrammatic view showing the whole 
construction of an AC-driven plasma display panel 
(PDP) apparatus; 

Figs. 2A to 2C are sectional views of a cell Cij as 
*5 one pixel of the PDR which is in the i-th row and the 
j-th column; 

Fig. 3 is a waveform chart showing an example of 
a previously-considered driving method of the PDP; 
Fig. 4 is a circuit diagram showing an example of 
20 construction of a previously-considered driving ap- 
paratus; 

Fig. 5 is a circuit diagram showing another example 
of construction of a previously-considered driving 
apparatus; 

25 Fig. 6 is a circuit diagram showing the construction 
of a high-voltage power supply required for the driv- 
ing apparatus of Fig. 5; 

Fig. 7 is a timing chart showing an example of driv- 
ing waveforms in address and sustain discharge 
30 periods by the driving apparatus of Fig. 5; 

Fig. 8 is a circuit diagram showing parts of a driving 
apparatus according to an embodiment of the 
present invention; 

Fig. 9 is a circuit diagram showing an example of 

35 construction of a driving apparatus according to the 
first embodiment of the present invention; 
Fig. 1 0 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus of Fig. 9; 

40 Fig. 11 is a timing chart showing another example 
of driving waveforms in a sustain discharge period 
by the driving apparatus of Fig. 9; 
Fig. 12 is a circuit diagram showing a specific ex- 
ample of construction of the driving apparatus ac- 

45 cording to the first embodiment; 

Figs. 13A to 13C are circuit diagrams showing the 
constructions of switches, wherein Fig. 9A shows 
an example of construction of a switch SW3. Fig. 
9B shows an example of construction of each of 

50 switches SW1 and SW2, and Fig. 9C shows another 
example of construction of the switch SW3; 
Fig. 14 is a chart showing an example of driving 
waveforms of pulse voltages applied to electrodes 
X and Y in a sustain discharge period; 

55 Fig. 1 5 is a chart' showing another example of driv- 
ing waveforms of pulse voltages applied to elec- 
trodes X and Y in a sustain discharge period; 
Fig. 16 is a chart showing another example of driv- 



11 



EP 1 065 650 A2 



12 



ing waveforms of pulse voltages applied to elec- 
trodes X and Y in a sustain discharge period; 
Fig. 17 is a' chart showing another example of driv- 
ing waveforms of pulse voltages applied to elec- 
trodes X and Y in a sustain discharge period; s 
Fig. 18 is a chart showing another example of driv- 
ing waveforms of pulse voltages applied to elec- 
trodes X and Y in a sustain discharge period; 
Fig. 19 is a chart showing another example of driv- 
ing waveforms of pulse voltages applied to elec- io 
trodes X and Y in a sustain discharge period; 
Fig. 20 is a chart showing another example of driv- 
ing waveforms of pulse voltages applied to elec- 
trodes X and Y in a sustain discharge period; 
Fig. 21 is a timing chart showing an example of 15 
switching control for generating the waveforms 
shown in Fig. 14; 

Fig. 22 is a timing chart showing an example of 
switching control for generating the waveforms 
shown in Fig. 15; 20 
Fig. 23 is a timing chart showing an example of 
switching control for generating the waveforms 
shown in Fig. 16; 

Fig. 24 is a timing chart showing an example of 
switching control for generating the waveforms 25 
shown in Fig. 17; 

Fig. 25 is a timing chart showing an example of 
switching control for generating the waveforms 
shown in Fig. 18; 

Fig. 26 is a timing chart showing another example 30 
of switching control for generating the waveforms 
shown in Fig. 19; 

Fig. 27 is a timing chart showing an example of 
switching control for generating the waveforms 
shown in Fig. 20; 35 
Fig. 28 is a timing chart showing another example 
of switching control for generating the waveforms 
shown in Fig. 21 ; 

Fig. 29 is a timing chart showing an example of 
switching control for generating the waveforms 40 
shown in Fig. 22; 

Fig. 30 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the first embodiment; 

Fig. 31 is a timing chart showing an example of driv- 45 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 30; 
Fig. 32 is a timing chart showing another example 
of driving waveforms in a sustain discharge period 
by the driving apparatus constructed as in Fig. 30; so 
Fig. 33 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
second embodiment of the present invention; 
Fig. 34 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 55 
to the second embodiment; 
Fig. 35 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 



driving apparatus constructed as in Fig. 34; 
Fig. 36 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
third embodiment of the present invention; 
Fig. 37 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the third embodiment; 

Fig. 38 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 37; 
Fig. 39 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
fourth embodiment of the present invention; 
Fig. 40 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the fourth embodiment; 

Fig. 41 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 40; 
Fig. 42 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
fifth embodiment of the present invention; 
Fig. 43 is a timing chart showing an example of driv- 
ing waveforms in a reset period and the subsequent 
sustain discharge period by the driving apparatus 
constructed as in Fig. 42; 

Fig. 44 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the fifth embodiment; 

Fig. 45 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 44; 

Fig. 46 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the fifth embodiment; 

Fig. 47 is a timing chart showing an example of driv- 
ing waveforms in a reset period and the subsequent 
sustain discharge period by the driving apparatus 
constructed as in Fig. 46; 

Fig. 48 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
sixth embodiment of the present invention; 
Fig. 49 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 48; 

Fig. 50 is a timing chart showing a manner of power 
recovery by the power recovery circuit shown in Fig. 
48; 

Fig. 51 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the sixth embodiment; 

Fig. 52 is a timing chart showing the manner of pow- 
er recovery by the power recovery circuit shown in 
Fig. 51; 

Fig. 53 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the sixth embodiment; 

Fig. 54 is a circuit diagram showing another exam- 



13 



EP 1 065 650 A2 



14 



pie of construction of a driving apparatus according 
to the sixth embodiment; 

Fig. 55 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the sixth embodiment; s 
Fig. 56 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the sixth embodiment; 

Fig. 57 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according io 
to the sixth embodiment; 

Fig. 58 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the sixth embodiment; 

Fig. 5g is a timing chart showing an example of driv- is 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 58; 
Fig. 60 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the sixth embodiment; 20 
Fig. 61 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 58; 
Fig. 62 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 25 
to the sixth embodiment; 

Fig. 63 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
seventh embodiment of the present invention; 
Fig. 64 is a timing chart showing an example of driv- 30 
ing waveforms by the driving apparatus constructed 
as in Fig. 63; 

Fig. 65 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the seventh embodiment; 35 
Fig. 66 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 65; 

Fig. 67 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 40 
eighth embodiment of the present invention; 
Fig. 68 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the eighth embodiment; 

Fig. 6g is a timing chart showing an example of driv- 45 
ing waveforms by the driving apparatus constructed 
as in Fig. 68; 

Fig. 70 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
ninth embodiment of the present invention; so 
Fig. 71 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the ninth embodiment; 

Fig. 72 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 55 
as in Fig. 71; 

Fig. 73 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 



tenth embodiment of the present invention; 
Fig. 74 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 73; 

Fig. 75 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the tenth embodiment; 

Fig. 76 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
eleventh embodiment of the present invention; 
Fig. 77 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 76; 
Fig. 78 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the eleventh embodiment; 
Fig. 7g is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 78; 

Fig. 80 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the eleventh embodiment; 
Fig. 81 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 80; 

Fig. 82 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the eleventh embodiment; 
Fig. 83 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 82; 

Fig. 84 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the eleventh embodiment; 
Fig. 85 is a timing chart showing an example of driv- 
ing waveforms by the driving apparatus constructed 
as in Fig. 84; 

Fig. 86 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the eleventh embodiment; 
Fig. 87 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
twelfth embodiment of the present invention; 
Fig. 88 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 87; 
Fig. 89 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the twelfth embodiment; 
Fig. 90 is a circuit diagram showing an example of 
construction of a driving apparatus according to the 
thirteenth embodiment of the present invention; 
Fig. 91 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 90; 
Fig. 92 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the thirteenth embodiment; 
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Fig. 93 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 92; 
Fig. 94 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the thirteenth embodiment; 
Fig. 95 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 94; 
Fig. 96 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the thirteenth embodiment; 
Fig. 97 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 96; 
Fig. 98 is a circuit diagram showing another exam- 
ple of construction of a driving apparatus according 
to the thirteenth embodiment; 
Fig. 99 is a timing chart showing an example of driv- 
ing waveforms in a sustain discharge period by the 
driving apparatus constructed as in Fig. 98; 
Fig. 100 is a diagrammatic view showing a sche- 
matic construction of a PDP according to the four- 
teenth embodiment of the present invention; 
Fig. 101 is a block diagram showing an example of 
a schematic construction of a plasma display appa- 
ratus according to the fourteenth embodiment; 
Fig. 102 is a block diagram showing an example of 
construction of a driving apparatus according to the 
fourteenth embodiment; 

Fig. 103 is a block diagram showing an example of 
construction of a driving apparatus according to the 
fifteenth embodiment; 

Fig. 104 is a timing chart showing an example of 
driving waveforms in a sustain discharge period by 
the driving apparatus constructed as in Fig. 103; 
and 

Fig. 1 05 is a circuit diagram showing an example of 
construction according to still another embodiment. 

[0058] Hereinafter, embodiments of the present in- 
vention will be described with reference to drawings. 
[0059] In this description, use of the term ■convention- 
al 0 does not necessarily imply that the thing referred to 
is in the public domain, merely that it has been previ- 
ously considered. 

[0060] Fig. 8 is a circuit diagram showing the con- 
struction of a driving apparatus according to an embod- 
iment of the present invention. 
[0061] The driving apparatus of this embodiment 
shown in Fig. 8 can be applied to a display panel such 
as an AC-driven PDP apparatus, though it is not limited 
to such an application. In this case, the whole construc- 
tion and the structure in section of each cell are the same 
as those shown in Figs. 1 and 2. 
[0062] Referring to Fig. 8, an A/D converter 42 A/D- 
converts an AC power supply voltage supplied from an 
AC power supply 41 to generate a DC power supply volt- 



age. At this time, the A/D converter 42 generates, e.g., 
a voltage (Vs/2), which is half of a sustain pulse voltage 
Vs. 

[0063] Using the voltage (Vs/2) supplied from the N 
5 D converter 42, a power supply circuit 43 selectively out- 
puts positive and negative voltages (+Vs/2 and -Vs/2). 
A driver circuit 44 applies, to a load 20, the power supply 
voltage (±Vs/2) supplied from the power supply circuit 
43. 

70 [0064] The power supply circuit 43 and the driver cir- 
cuit 44 are connected to each other through first and 
second signal lines OUTA and OUTB. These power sup- 
ply circuit 43 and driver circuit 44 are connected to the 
common electrode X side of the load 20 corresponding 

is to the PDP, and make up an X-side circuit 2 shown in 
Fig. 1. 

[0065] A power supply circuit 43' and a driver circuit 
44' include the same constructions as the power supply 
circuit 43 and the driver circuit 44, respectively. The 

20 power supply circuit 43' and the driver circuit 44' are con- 
nected to each other through third and fourth signal lines 
OUTA' and OUTB'. These power supply circuit 43' and 
driver circuit 44' are connected to the scanning elec- 
trode Y side of the load 20, and make up a Y-side circuit 

25 3 shown in Fig. 1 . 

[0066] In this embodiment, the power supply voltage 
(Vs/2) output from the A/D converter 42 and the ground 
voltage are supplied to both the power supply circuit 43 
for the common electrode X and the power supply circuit 

30 43' for the scanning electrode Y. That is, one A/D con- 
verter 42 is shared by the two power supply circuits 43 
and" 43*. 

[0067] Operations of the driving apparatus having the 
above construction will be described below. For exam- 

35 pie, in a sustain discharge period, the power supply cir- 
cuit 43 for common electrode X outputs alternating volt- 
ages (+Vs/2, 0) to the first signal line OUTA, and alter- 
nating voltages (0, -Vs/2) to the second signal line 
OUTB. At this time, the power supply circuit 43' for scan- 

40 ning electrode Y outputs alternating voltages (0, +Vs/2) 
to the third signal line OUTA*, and alternating voltages 
(-Vs/2, 0) to the fourth signal line OUTB' in the reverse 
phases to those ol the power supply circuit 43 for com- 
mon electrode X. 

45 [0068] The driver circuit 44 for common electrode X 
outputs the voltages output on the first and second sig- 
nal lines OUTA and OUTB, onto the output line OUTC 
to apply them to the load 20. The driver circuit 44' for 
scanning electrode Y applies the voltages output on the 

50 third and fourth signal lines OUTA' and OUTB 1 , to the 
load 20 through the output line OUTC. 
[0069] In this manner, when the voltage (+Vs/2) of the 
first signal line OUTA is applied through the output line 
OUTC to the common electrode X of the load 20, the 

55 voltage (-Vs/2) of the fourth signal line OUTB' is applied 
through the output line OUTC to its scanning electrode 
Y. Conversely, when the voltage (-Vs/2) of the second 
, signal line OUTB is applied through the output line 
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OUTC to the common electrode X of the load 20, the 
voltage (+Vs/2) of the third signal line OUTA' is applied 
through the output line OUTC to the scanning electrode 

Y. 

[0070] In short, according to this embodiment, the 
voltages (±Vs/2) in opposite phases are applied to the 
common electrode X and the scanning electrode Y, re- 
spectively. For example, when the positive voltage (+Vs/ 
2) is applied to the common electrode X, the negative 
voltage (-Vs/2) is applied to the scanning electrode Y 
The common electrode X and the scanning electrode Y 
are then able to have a potential difference correspond- 
ing to the sustain pulse voltage Vs. This makes it pos- 
sible to provide the same state as that in the sustain 
discharge period shown in Fig. 3 (the state that the sus- 
tain pulse voltage Vs is alternately applied to the com- 
mon electrode X and the scanning electrode Y). 
[0071] The absolute values of the voltages then being 
applied to the power supply circuits 43 and 43' and the 
driver circuits 44 and 44' are Vs/2 at most. Each element 
in these circuits thus only need have the breakdown volt- 
age of Vs/2, i.e., half the breakdown voltage in previous- 
ly-considered apparatus. This makes it possible to use 
compact and inexpensive elements and so realize sim- 
plification in circuit construction and reduction of manu- 
facturing cost. 

[0072] Besides, in the driving apparatus according to 
this embodiment, the voltage to be applied to the load 
is Vs/2 at most, i.e., sufficed by half the voltage Vs. 
Therefore, even taking into consideration an increase in 
power consumption which is caused by the fact that cy- 
cles of applying the voltages to the load become double 
that in previously-considered apparatus, the total power 
loss can be reduced in comparison with previously-con- 
sidered apparatus, in which the voltage Vs itself is ap- 
plied to the load 20. 

[0073] In the driving apparatus according to this em- 
bodiment, the positive and negative power supply volt- 
ages (±Vs/2) can be generated on the basis of output 
voltages from a single A/D power supply. In general, to 
generate such positive and negative power supply volt- 
ages, a power supply for the positive voltage and a pow- 
er supply for the negative voltage need be prepared in- 
dividually. According to this embodiment, however, only 
a single A/D power supply suffices. Additionally in this 
embodiment, since the single A/D power supply is 
shared by the common electrode X side and the scan- 
ning electrode Y side, the circuit scale can be reduced 
more. 

[0074] Fig. 8 illustrates an example in which the volt- 
ages respectively applied to the common and scanning 
electrodes X and Y have the same absolute value (either 
is Vs/2). However, as far as the voltage Vs is applied 
between both end of the load 20, the voltages with the 
same absolute value need not always be applied re- 
spectively to the common and scanning electrodes X 
and Y. Besides, the power supply voltages given by the 
A/D converter 42 to the power supply circuits 43 and 43' 



need not always be positive. 

[0075] Specific examples of constructions of the pow- 
er supply circuits 43 and 43' and the driver circuits 44 
and 44' shown in Fig. 8 will be described below 

5 

(First Embodiment) 

[0076] Fig. 9 is a circuit diagram showing an example 
of construction of a driving apparatus according to the 

to first embodiment of the present invention, wherein the 
same functional blocks as in Fig. 8 are denoted by the 
same references as in Fig. 8. As described above, the 
power supply circuits 43' and the driver circuit 44' for 
scanning electrode Y have the same constructions as 

15 the power supply circuits 43 and the driver circuit 44 for 
common electrode X, respectively. Thus here are typi- 
cally shown the constructions on the common electrode 
X side only. 

[0077] Referring to Fig. 9, the power supply circuit 43 
20 comprises a capacitor C1 and three switches SW1, 
SW2, and SW3. The driver circuit 44 comprises two 
switches SW4 and SW5. 

[0078] Two switches SW1 and S W2 in the power sup- 
ply circuit 43 are connected in series between the 

25 ground (GND) and the power supply line of the voltage 
(Vs/2) generated by the A/D converter 42 of Fig. 5. The 
node between the switches SW1 and SW2 is connected 
to one terminal of the capacitor C1. The remaining 
switch SW3 is connected between GND and the other 

30 terminal of the capacitor Ct . 

[0079] The two switches SW4 and SW5 in the driver 
circuit 44 are connected in series between the terminals 
of the capacitor C1 in the power supply circuit 43. The 
node between the switches SW4 and SW5 is connected 

35 to the load 20. 

[0080] An example of operation of the driving appara- 
tus constructed as in Fig. 9 will be described below with 
reference to Fig. 10. Fig. 10 is a timing chart showing a 
specific example of driving waveforms in a sustain dis- 

40 charge period by the driving apparatus according to this 
embodiment. 

[0081] Referring to Fig. 10, firstly on the common 
electrode X side, two switches SW1 and S W3 are turned 
ON, and the remaining switches SW2, SW4, and SW5 

45 are kept OFF. At this time, the voltage of the first signal 
line OUTA rises to a voltage level (+Vs /2) given through 
the A/D converter 42 via the switch SW1 , while the volt- 
age of the second signal line OUTB remains at the 
ground level. At the next timing a little after ol that, the 

50 switch SW4 is turned ON, and switches SW4' and SW2' 
on the scanning electrode Y side are turned ON. The 
voltage (+Vs/2) of the first signal line OUTA is thereby 
applied to the load 20 via the output line OUTC. The 
reason why the switches SW4' and SW2' on the scan- 

55 ning electrode Y side is turned ON, is for applying the 
voltage (Vs/2) between the common and scanning elec- 
trodes X and Y. 

{0082] At this stage, since the switches SW1 and SW3 
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are turned ON to connect the capacitor C1 to the power 
supply, charges corresponding to the voltage (Vs/2) giv- 
en through the A/D converter 42 via the switch SW1 are 
stored in the capacitor C1 . 

[0083] At the next timing, the switch $W4 is turned 
OFF to stop the current path for applying the voltage, 
and then the switch SW5 is turned ON like a pulse. The 
voltage of the output line OUTC is thereby lowered to 
the ground level. Next, the switch SW2 is turned ON, 
and the remaining four switches SW1, SW3, SW4, and 
SW5 are set OFF. The switch SW4 is then turned ON 
like a pulse. This switch SW4 in the ON state serves as 
the current path for applying a voltage to the scanning 
electrode Y side, in contrast with the common electrode 
X (at the ground). 

[0084] Next, the switch SW5 is turned ON while the 
switch SW2 is kept ON. No power supply voltage is then 
supplied to the first signal line OUTA through the A/D con- 
verter 42 via the switch SW1 , so the voltage of the first 
signal line OUTA remains at the ground level. Contrast- 
ingly as for the second signal line OUTB, the first signal 
line OUTA is grounded because the switch SW2 is ON. 
The second signal line OUTB has a potential (-Vs/2) lower 
than the ground level by a voltage (Vs/2) corresponding 
to the charges stored in the capacitor C1 . Since the switch 
SW5 is ON, the voltage (-Vs/2) of the second signal line 
OUTB is applied to the load 20 through the output line 
OUTC. At this time, the switches SW3* and SW4' are 
turned ON to apply the voltage (-Vs/2) to the common 
electrode X side, in contrast with the scanning electrode 
Y (at Vs/2). 

[0085] At the next timing, the switches SW2 and SW4 
are set ON, and the remaining switches SW1 , SW3, and 
SW5 are set OFF. The voltage of the output line OUTC 
is thereby raised to the ground level. After that, three 
switches SWt , SW3, and SW4 are set ON, and the re- 
maining two switches SW2 and SW5 are set OFF, like 
the first stage. This operation is repeated after this. 
[0086] Using the driving apparatus with this construc- 
tion, the positive voltage (+Vs/2) and the negative volt- 
age (-Vs/2) are alternately applied to the common elec- 
trode Xof the load 20, as shown on the output line OUTC 
in Fig. 10. Also to the scanning electrode Y of the load 
20, the positive voltage (+Vs/2) and the negative voltage 
(-Vs/2) are alternately applied by performing a switching 
control similar to that on the common electrode X side. 
[0087] • In this case, the respective voltages (+Vs/2) 
are applied to the common and scanning electrodes X 
and Y so that they are reverse in phase to each other. 
For example, when the positive voltage (+Vs/2) is ap- 
plied to the common electrode X, the negative voltage 
(-Vs/2) is applied to the scanning electrode Y. By this 
manner, the potential difference between the common 
and scanning electrodes X and Y can be kept at the volt- 
age Vs, which is equal to a sustain pulse. This makes it 
possible to provide the same state as that in the sustain 
discharge period shown in Fig. 3 (the state that the sus- 
tain pulse voltage Vs is applied alternately to the com- 



mon and scanning electrodes X and Y). 
[0088] Fig. 1 1 is a timing chart showing another ex- 
ample of driving waveforms in a sustain discharge peri- 
od by the driving apparatus according to this embodi- 
s ment. 

[0089] Referring to Fig. 11, firstly, three switches 
SW1 , SW3, and SW4 are turned ON, and the remaining 
switches SW2 and SW5 are kept OFF. At this time, the 
voltage of the first signal line OUTA rises to a voltage 

10 level (+Vs /2) given through the A/D converter 42 via the 
switch SW1 , while the voltage of the second signal line 
OUTB remains at the ground level. Since the switch 
SW4 is ON, the voltage (+Vs/2) of the first signal line 
OUTA is applied to the load 20 via the output line OUTC. 

15 [0090] At this stage, since the switches SW1 and SW3 
are turned ON to connect the capacitor C1 to the power 
supply, charges corresponding to the voltage (Vs/2) giv- 
en through the A/D converter 42 via the switch SW1 are 
stored in the capacitor C1 . 

20 [0091] At the next timing, all the five switches SW1 to 
SW5 are turned OFF. The first signal line OUTA is then 
at a high impedance to maintain its voltage (Vs/2), and 
the output line OUTC also maintains its voltage (Vs/2). 
[0092] Next, two switches SW2 and SW5 are turned 

25 ON, and the remaining three switches SW1 , SW3, and 
SW4 are kept OFF. No power supply voltage is then sup- 
plied to the first signal line OUTA through the A/D con- 
verter 42 via the switch SW1 , so the voltage of the first 
signal line OUTA remains at the ground level. 

30 [0093] As for the second signal line OUTB, the first sig- 
nal line OUTA is grounded because the switch SW2 is 
ON. The second signal line OUTB has a potential (-Vs/2) 
lower than the ground level by a voltage (Vs/2) corre- 
sponding to the charges stored in the capacitor CI . Since 

35 the switch SW5 is ON, the voltage (-Vs/2) of the second 
signal line OUTB is applied to the load 20 through the 
output line OUTC. 

[0094] At the next timing, all the five switches SW1 to 
SW5 are turned OFF again. The second signal line 

40 OUTB is then at a high impedance to maintain its voltage 
(-Vs/2), and the output line OUTC also maintains its volt- 
age (-Vs/2). After that, three switches SW1, SW3, and 
SW4 are turned ON, and the remaining two switches 
SW2 and SW5 are kept OFF, like the first stage. This 

45 operation is repeated after this. 

[0095] As described above, the driving apparatus 
shown in Fig. 9 according to the first embodiment of the 
present invention is characterized by including the first 
signal line OUTA the voltage on which changes between 

50 the Vs/2 level and the ground level in accordance with 
ON/OFF of the capacitor C1 and the switches SW1 to 
SW3, the second signal line OUTB the voltage on which 
changes between the ground level and the -Vs/2 level 
similarly, and the driver circuit for the load 20 provided 

55 between the first and' second signal lines. 

[0096] Using the driving apparatus with this construc- 
tion, the positive voltage (+Vs/2) and the negative volt- 
age (-Vs/2) are alternately applied to the common elec- 
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trode X of the load 20 by controlling ON/OFF of the 
switches SW4 and SW5 in the driver circuit, as shown 
on the output line OUTC in Fig. 1 1 . The positive voltage 
(+Vs/2) and the negative voltage (-Vs/2) are also alter- 
nately applied to the scanning electrode Y of the load 
20 by driving the power supply circuit 43' and the driver 
circuit 44* in the same way as that described above. 
[0097] In this case, the respective voltages (±Vs/2) 
are applied to the common and scanning electrodes X 
and Y so that they are reverse in phase to each other. 
For example, when the positive voltage (+Vs/2) is ap- 
plied to the common electrode X, the negative voltage 
(-Vs/2) is applied to the scanning electrode Y By this 
manner, the common and scanning electrodes X and Y 
can have a potential difference corresponding to the 
sustain pulse voltage Vs. This makes it possible to pro- 
vide the same state as that in the sustain discharge pe- 
riod shown in Fig. 3 (the state that the sustain pulse volt- 
age Vs is applied alternately to the common and scan- 
ning electrodes X an Y). 

[0098] The absolute values of the voltages applied to 
the power supply circuits 43 and 43' and the driver cir- 
cuits 44 and 44' are Vs/2 at most. Thus each element in 
these circuits only need have the breakdown voltage of 
Vs/2, i.e., half the breakdown voltage in previously-con- 
sidered apparatus. This makes it possible to use com- 
pact and inexpensive elements, and so realize simplifi- 
cation in circuit construction and reduction of manufac- 
turing cost. 

[0099] Besides, in the driving apparatus according to 
this embodiment, the voltage to be applied to the load 
is Vs/2 at most, i.e., sufficed by half the voltage Vs. 
Therefore, even taking into consideration an increase in 
power consumption which is caused by the fact that cy- 
cles of applying the voltages to the load become double 
that in previously-considered apparatus, the total power 
loss can be reduced in comparison with previously-con- 
sidered apparatus, in which the voltage Vs itself is ap- 
plied to the load 20. 

[0100] Fig. 12 is a circuit diagram showing a specific 
example of construction of a driving apparatus to which 
the characteristic feature of the first embodiment shown 
in Fig. g is applied. In Fig. 12, the same references as 
those in Figs. 9 and 4 denote the same functional com- 
ponents as those in Figs. 9 and 4. 
[0101] Referring to Fig. 1 2, on the common electrode 
X side, the switches SW1 and SW2 are connected in 
series between the ground (GND) and the power supply 
line of the voltage (Vs/2) generated by the A/D converter 
42 of Fig. 8 (not shown in Fig. 12). The node between 
the switches SW1 and SW2 is connected to one terminal 
of the capacitor C1. The switch SW3 is connected be- 
tween GND and the other terminal of the capacitor C1 . 
[01 02] The switches SW4 and SW5 are connected in 
series between both terminals of the capacitor C1. The 
node between the switches SW4 and SW5 is connected 
to the common electrode X of the load 20. 
[01 03] On the scanning electrode Y side, the switches 



SW1' and SW2* are connected in series between GND 
and the power supply line of the voltage (Vs/2) gener- 
ated by the A/D converter*^ of Fig. 8. The node be- 
tween the switches SWT and SW2' is connected to one 
s terminal of a capacitor C4. The switch SW3' is connect- 
ed between GND and the other terminal of the capacitor 
C4. 

[0104] The switch SW4' connected to one terminal of 
the capacitor C4 is connected to the cathode of the di- 
io ode D14. The anode of the diode D14 is connected to 
the other terminal of the capacitor C4. The switch SW5' 
connected to the other terminal of the capacitor C4 is 
connected to the anode of the diode D15. The cathode 
of the diode D15 is connected to the one terminal of the 
is capacitor C4. One terminal of each of the switches SW4' 
and SW5* respectively connected to the cathode of the 
diode D1 4 and the anode of the diode D1 5 , is connected 
to the load 20 through a scan driver 31'. Fig. 12 illus- 
trates only one scan driver 31 ' though the same is pro- 
vided in practice for every display line in the PDR Con- 
trastingly, the other circuits are shared by display lines 
as common circuits. 

[0105] Each of the switches SW1 to SW5 and SWT 
to SW5' shown in Fig. 12 comprises, e.g., a MOSFET 
and, as occasion demands, a diode connected to the 
MOSFET 

[0106] For example, each of the switches SW1 and 
SW1 1 comprises a p- or n-channel MOSFET connected 
to the power supply line of Vs/2, and a diode having its 
anode connected to the drain of the p-channel MOSFET 
or the source of the n-channel MOSFET 
[0107] Each of the switches SW2 and SW2' compris- 
es an n-channel MOSFET connected to the GND line, 
and a diode having its cathode connected to the. drain 
of the n-channel MOSFET 

[0108] Although the switches SW3 and SW3' can be 
constructed like the switches SW2 and SW2\ each com- 
prises two sets of such a MOSFET and a diode connect- 
ed in series as described above, the two sets being con- 
nected in parallel in relation to the ground, as shown in 
Fig. 12. Otherwise, for example, the sources of both 
MOSFETs may be connected to each other, and the 
common source may be connected to the anodes of 
both diodes, as shown in Fig. 1 3A. When the switches 
SW3 and SW3 1 are constructed as shown in Fig. 12 or 
13A, a current can flow in either direction when the 
switch SW3 or SW3 1 is ON. When the switch is OFF, the 
current can be completely cut off. A more stable opera- 
tion is thus realized. 

[0109] Each of the switches SW1, SW2, SWV, and 
SW2' may comprise an IGBT (Insulated Gate Bipolar 
Transistor) element as shown in Fig. 1 3B. As for the 
switches SW3 and SW3\ as shown in Fig. 1 3C, one of 
the two sets of switching elements each comprising a 
MOSFET and a diode may comprises such an IGBT el- 
ement. The IGBT element is a bipolar-MOS composite 
element with three terminals, and its operation resist- 
ance bwer than that of MOSFET affords reduced loss. 
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In addition, since it does not allow any countercurrent, 
no diode is required. 

[0110] in the driving apparatus having the above con- 
struction, by the above switching control of the switches 
SW1 to SW5 on the common electrode X side and the s 
switches SWV to SW5' on the scanning electrode Y 
side, the positive and negative voltages (±Vs/2) are ap- 
plied inversely in phase to the common and scanning 
electrodes X and Y. 

[0111] In each sustain discharge period, the timing at io 
which the voltage (+Vs/2 or -Vs/2) is applied to the com- 
mon electrode X may not always be equal to the timing 
at which the voltage in the opposite phase (-Vs/2 or +Vs/ 
2) is applied to the scanning electrode Y The timings for 
both voltages may differ to some degree. For example, *5 
the voltage may be applied to one electrode after the 
voltage in the opposite phase applied to the other elec- 
trode has reached its stationary state. This causes a 
more stable action of sustain discharge. 
[0112] The times of pulse voltages being applied to 20 
the electrodes Xand Y need not always be equal to each 
other. The timings and times for applying voltages to the 
common and scanning electrodes X and Y can be con- 
trolled, e.g., by controlling ON/OFF timings of the 
switches SW4, SW4\ SW5, and SW5". 25 
[0113] It is also possible to make, e.g., ON/OFF con- 
trol of the above switches SW1 to SW5 and SW1 ' to 
SW5* in accordance with a program stored in a storage 
medium such as a ROM. This makes it possible to vary 
freely the waveform of voltage to be applied by changing 30 
ROM. 

[0114] Figs. 14 to 20 show various examples of driving 
waveforms of pulse voltages to be applied to the elec- 
trodes X and Y in a sustain discharge period. 
[0115] Fig. 14 shows an example of driving wave- 35 
forms in which the timing of applying the positive voltage 
(+Vs/2) is always earlier than that of applying the neg- 
ative voltage (-Vs/2), and the timing of returning the ap- 
plied positive voltage (+Vs/2) to the ground level is al- 
ways later than that of returning the applied negative *o 
voltage (-Vs/2) to the ground level. More specifically, af- 
ter the positive voltage (+Vs/2) applied to one of the 
common or scanning electrodes X and Y has reached 
its stationary state, the negative voltage (-Vs/2) is ap- 
plied to the other electrode. Besides, after the voltage 45 
being returned from the negative voltage (-Vs/2) to the 
ground level has reached its stationary state at one elec- 
trode, the voltage being applied to the other electrode 
is returned from the positive voltage (+Vs/2) to the 
ground level. so 
[0116] Furthermore, in this example of Fig. 14, the 
pulse width of the negative voltage (-Vs/2) is smaller 
than that of the positive voltage (+Vs/2) so that the neg- 
ative voltage is returned to the ground level while the 
positive voltage is applied. This affords a more stable 55 
action of sustain discharge. 

[0117] Fig. 15 shows an example of driving wave- 
forms in which the relation in polarity is reversed to that 



in Fig. 14. That is, the timing of applying the negative 
voltage (-Vs/2) is always earlier than that of applying - 
the positive voltage (+Vs/2), and the timing of returning " 
the applied negative voltage (-Vs/2) to the ground level 
is always later than that of returning the applied positive 
voltage (+Vs/2) to the ground level. More specifically, 
after the negative voltage (-Vs/2) applied to one elec- 
trode has reached its stationary state, the positive volt- 
age (+Vs/2) is applied to the other electrode. Besides, 
after the voltage being returned from the positive volt- 
age (+ Vs/2) to the ground level has reached its station- 
ary state at one electrode, the voltage being applied to 
the other electrode is returned from the negative volt- 
age (-Vs/2) to the ground level. 
[0118] Furthermore, in this example of Fig. 15, the 
pulse width of the positive voltage (+Vs/2) is smaller 
than that of the negative voltage (-Vs/2) so that the pos- 
itive voltage is returned to the ground level while the 
negative voltage is applied. This affords a more stable 
action of sustain discharge. 

[0119] Fig. 16 shows an example of driving wave- 
forms in which the negative voltage (-Vs/2) is used as 
the reference voltage. More specifically, in a sustain dis- 
charge period, both the electrodes X and Y are kept at 
the voltage (-Vs/2) while no sustain pulse is applied, and 
the voltage of one electrode is raised to (+Vs/2) at the 
timing of actually applying a sustain pulse to discharge. 
Also in this example of Fig. 16, the pulse width of the 
negative voltage (-Vs/2) is greater than that of the pos- 
itive voltage (+Vs/2), like the example of Fig. 15. 
[01 20] As shown in this example of driving waveforms 
of Fig. 16, the voltage being applied to one electrode is 
fixed while the voltage being applied to the other elec- 
trode is changed. In this case, a predetermined voltage 
can be applied between the common and scanning elec- 
trodes X and Y only by such a change in voltage of the 
other electrode. This makes it possible to realize a more 
stable action of sustain discharge. 
[0121] Fig. 17 shows an example of driving wave- 
forms in which the relation in polarity is reversed to that 
in Fig. 16. That is, the positive voltage (+Vs/2) is used 
as the reference voltage. More specifically, in a sustain 
discharge period, both the electrodes X and Y are kept 
at the voltage (+Vs/2) while no sustain pulse is applied, 
and the voltage of one electrode is lowered to (-Vs/2) at 
the timing of actually applying a sustain pulse to cause 
a discharge. In this example of Fig. 17, the pulse width 
of the positive voltage (+Vs/2) is greater than that of the 
negative voltage (-Vs/2), like the example of Fig. 14. 
[0122] As shown in this example of driving waveforms 
of Fig. 17, the voltage being applied to one electrode is 
fixed while the voltage being applied to the other elec- 
trode is changed. In this case, a predetermined voltage 
can be applied between the common and scanning elec- 
trodes X and Y only by such a change in voltage of the 
other electrode. This makes it possible to realize a more 
stable action of sustain discharge. 
.[0123] Fig. 18 shows an example of driving wave- 
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forms In which the negative voltage (-Vs/2) is used as 
the reference voltage and the voltage of one electrode 
is raised to (+Vs/2) at the timing of an actual discharge, 
like the example of Fig. 16. Further in this example of 
Fig. 18, before the one electrode is returned to the neg- 
ative voltage (-Vs/2) after the discharge, the voltage of 
the other electrode is raised to the positive voltage (+Vs/ 
2) and then returned to the negative voltage (-Vs/2). 
[0124] For example, while the scanning electrode Y 
is kept at the negative voltage (-Vs/2), the voltage of the 
common electrode X is raised from the negative voltage 
(-Vs/2) to the positive voltage (+Vs/2) so that the differ- 
ence voltage is applied between both electrodes to 
cause a discharge. The load 20 then stores charges ac- 
cording to the applied voltage. 

[0125] After this, before the common electrode X is 
returned from the positive voltage (+Vs/2) to the original 
negative voltage (-Vs/2), the voltage of the scanning 
electrode Y is also raised to (+Vs/2). The charges stored 
in the load 20 are thereby returned to the capacitor C1 
on the common electrode X side. In this manner, the 
charges stored in the load 20 due to the electric dis- 
charge are not simply abandoned but returned to the 
capacitor C1 , thereby achieving power saving. 
[0126] While the common electrode X is kept at the 
positive voltage (+Vs/2). the voltage of the scanning 
electrode Y is raised also to the positive voltage (+Vs/ 
2). The positive voltage (+Vs/2) is then applied to both 
the common and scanning electrodes X and Y, so the 
electrodes X and Y are at the same potential. 
[0127] At this time, all the switches SW1 to SW5 on 
the common electrode X side are turned or kept OFF to 
keep the common electrode X side in the state ol high 
impedance, and the voltage being applied to the scan- 
ning electrode Y side is lowered to the negative voltage 
(-Vs/2). Also the voltage on the common electrode X 
side is then lowered by the function of the capacitance 
of the load 20 to the negative voltage (-Vs/2) with fol- 
lowing the voltage on scanning electrode Y side. At this 
time, charging the load 20 is not performed, and the 
charged electricity to the load 20 is zero. Thus there is 
no power loss, and power saving is achieved. 
[0128] Fig. 19 shows an example of driving wave- 
forms in which the pulse width of the positive voltage 
(+Vs/2) is equal' to that of the negative voltage (-Vs/2) 
but the timings of applying the voltages to the common 
and scanning electrodes X and Y are not the same. In 
this example of Fig. 1 9, the timing of applying one volt- 
age to the common electrode X is always earlier than 
that of applying the other voltage to the scanning elec- 
trode Y. But the case to the contrary is also possible. By 
applying the positive or negative voltage to one elec- 
trode after the negative or positive voltage applied to the 
other electrode has reached its stationary state, control 
is made for preventing any large momentary current 
from flowing through the circuit. This affords a more sta- 
ble action of sustain discharge. 
[0129] Fig. 20 shows an example of driving wave- 



forms in which the ground level is used as the reference 
voltage and the positive and negative voltages (±Vs/2) 
are applied to both the common and scanning elec- 
trodes X and Y In this case, the liming of applying the 

5 negative voltage (-Vs/2) is always earlier than that of 
applying the positive voltage (+Vs/2), and the timing of 
returning the applied negative voltage (-Vs/2) to the 
ground level is always earlier than that of returning the 
applied positive voltage (+Vs/2) to the ground level. 

10 [0130] Further in this example of Fig. 20, the positive 
voltage (+Vs/2) is applied to either electrode after dis- 
charging, to make both electrodes at the same potential, 
like the example of Fig. 18. After this, one electrode is 
returned to the ground level while the other electrode is 

is kept at high impedance. The other electrode is returned 
to the ground level with following the voltage drop of the 
one electrode. At this time, charging the load 20 is not 
performed, and the charged electricity to the load 20 is 
zero. Thus there is no power loss, and power saving is 

20 achieved. 

[0131] Fig. 21 is a timing chart showing an example 
of control of the switches SW1 to SW5 and SW1 1 to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 14. In this example of Fig. 21, it is assumed 

2S that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitor C1 on the common electrode X side 
and the capacitor C4 on the scanning electrode Y side. 
[0132] In sustain discharge period, on the common 

30 electrode X side, firstly, three switches SW1 , SW3, and 
SW4 are turned ON and the remaining switches SW2 
and"SW5 are kept OFF. At this time, the first signal line 
OUTA is at the voltage level (+Vs/2) applied through the 
switch SW1 . The voltage (+Vs/2) of this first signal line 

35 OUTA is output on the output line OUTC through the 
switch SW4 to be applied to the load 20. 
[0133] At this stage, the switches SW1 and SW3 are 
ON, and so the capacitor C1 is connected to the power 
supply. Thus the capacitor C1 stores the charges corre- 

40 sponding to the voltage (Vs/2) applied through the 
switch SW1. 

[0134] On the scanning electrode Y side, the switch 
SW2' is turned ON at the same time when the switches 
SW1 , SW3, and SW4 on the common electrode X side 
45 are turned ON. After the positive voltage (+Vs/2) is ap- 
plied to the common electrode X side, the switch SW5' 
is also turned ON at a proper timing. In this state, the 
remaining three switches SW1', SW3\ and SW4' are 
kept OFF. 

so [0135] Since the switch SW2' is turned ON and the 
first signal line OUTA' is grounded, the voltage of the 
fourth signal line OUTB' falls to the potential (-Vs/2), 
which is lower than the ground level by the voltage (Vs/ 
2) corresponding to the charges stored in the capacitor 

ss C4. After this, since the switch SW5' is turned ON at the 
proper timing, the voltage (-Vs/2) of the fourth signal line 
OUTB* is applied to the load 20 through the output line 
OUTC The difference voltage (Vs) is then applied be- 
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tween the electrodes X and Y of the load 20, and a sus- 
tain discharge occurs. 

[01 36] After applying the difference voltage (Vs) to the 
load 20 for the sustain discharge, on the common elec- 
trode X side, the switch SW4 is turned OFF to stop the s 
supply of the voltage (+Vs/2). and then the switch SW5 
is turned ON to return the voltage being applied to the 
common electrode X, to the ground level. 
[0137] On the scanning electrode Y side, at a timing 
before the switch SW4 is turned OFF on the common to 
electrode X side as described above, the switch SW5' 
is turned OFF to stop the supply of the voltage (-Vs/2), 
and then the switch SW4' is turned ON. In this manner, 
before the voltage being applied to the common elec- 
trode X is returned to the ground level, the voltage being is 
applied to the scanning electrode Y is returned to the 
ground level. 

[0138] At the next timing, all the five switches SW1 to 
SW5 on the common electrode X side and the five switch- 
es SWV to SW5' on the scanning electrode Y side are 20 
OFF. Switch control completely reverse to the above on 
the common electrode X side and the scanning electrode 

Y side, is then performed so that the positive voltage 
(+Vs/2) with a large pulse width is applied to the scanning 
electrode Y side and the negative voltage (-Vs/2) with a 25 
pulse width smaller than that of the positive voltage on 

the scanning electrode Y side, is applied to the common 
electrode X side. After this, the same controls are repeat- 
ed alternately. 

[0139] Fig. 22 is a timing chart showing an example 30 
of control of the switches SW1 to S W5 and S W1 ' to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 15. In this example of Fig. 22, it is assumed 
that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 35 
ther of the capacitor C1 on the common electrode X side 
and the capacitor C4 on the scanning electrode Y side. 
[0140] In sustain discharge period, on the scanning 
electrode Y side, firstly, two switches SW2* and SW5 1 
are turned ON and the remaining switches SW1 SW3\ 40 
and SW4 1 are kept OFF Since the switch SW2' is turned 
ON and the first signal line OUTA' is grounded, the volt- 
age of the fourth signal line OUTB* falls to the potential 
(-Vs/2), which is lower than the ground level by the volt- 
age (Vs/2) corresponding to the charges stored in the 45 
capacitor C4. At this time, since the switch SW5' is 
turned ON simultaneously with the switch S W2\ the volt- 
age (-Vs/2) of the fourth signal line OUTB' is applied to 
the load 20 through the output line OUTCV 
[0141] On the common electrode X side, the switches so 
SW1 and SW3 are turned ON at the same time when 
the switches SW2* and SW5' on the scanning electrode 

Y side are turned ON. After the negative voltage (-Vs/2) 
is applied to the scanning electrode Y side, the switch 
SW4 is also turned ON at a proper timing. In this state, S5 
the remaining two switches SW2 and SW5 are kept 
OFF. 

[0142] The first signal line OUTA is thereby raised to 



the voltage level (+Vs/2) at the timing when the switch 
SW1 is turned ON. The voltage (+Vs/2) of this first signal 
line OUTA is output on the output firte OUTC through 
the switch SW4, which has been turned ON at the proper 
timing, to be applied to the load 20. Thus the difference 
voltage (Vs) is applied between the electrodes X and Y 
of the load 20. 

[0143] At this stage, the switches SW1 and SW3 are 
ON, and so the capacitor C1 is connected to the power 
supply. Thus the capacitor C1 stores the charges corre- 
sponding to the voltage (Vs/2) applied through the 
switch SW1 . 

[0144] After applying the difference voltage (Vs) to the 
load 20 for a sustain discharge, on the scanning elec- 
trode Y side, the switch SW5' is turned OFF to stop the 
supply of the voltage (-Vs/2), and then the switch SW4' 
is turned ON to return the voltage being applied to the 
scanning electrode Y, to the ground level. 
[0145] On the common electrode X side, at a timing 
before the switch SW5' is turned OFF on the scanning 
electrode Y side as described above, the switch SW4 is 
turned OFF to stop the supply of the voltage (+Vs/2), 
and then the switch SW5 is turned ON. In this manner, 
before the voltage being applied to the scanning elec- 
trode Y is returned to the ground level, the voltage being 
applied to the common electrode X is returned to the 
ground level. 

[0146] At the next timing, all the five switches SW1 to 
SW5 on the common electrode X side and the five 
switches SW1 1 to SW5' on the scanning electrode Y side 
are OFF. Switch control completely reverse to the above 
on the common electrode X side and the scanning elec- 
trode Y side, is then performed so that the negative volt- 
age (-Vs/2) with a large pulse width is applied to the 
common electrode X side and the positive voltage (+Vs/ 
2) with a pulse width smaller than that of the negative 
voltage on the common electrode X side, is applied to 
the scanning electrode Y side. After this, the same con- 
trols are repeated alternately. 

[0147] Fig. 23 is a timing chart showing an example 
of control of the switches SW1 to SW5 and SW1 ' to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 1 6. In this example of Fig. 23, it is assumed 
that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitors C1 and C4 on the common elec- 
trode X side and the scanning electrode Y side. 
[0148] In a sustain discharge period, on the common 
electrode X side, at first, the switches SW1, SW3, and 
SW4 are OFF and the remaining switches SW2 and 
SW5 are ON. This makes the state that the negative 
voltage (-Vs/2) is being appliedto the common electrode 
X. Also on the scanning electrode Y side, at first, the 
switches SW1\ SW3\ and SW4' are OFF and the re- 
maining switches SW2' and SW5' are ON, and this 
makes the state that the negative voltage (-Vs/2) is be- 
ing applied to the scanning electrode Y 
[0149] At the next timing, on the common electrode X 
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side, after the switch SW5 is turned OFF to stop the sup- 
ply of the voltage (-Vs/2), the switch SW4 is turned ON. 
The voltage being applied to the common electrode X 
is thereby returned to the ground level. Further, after the 
switches SW2 and SW4 are turned OFF, the switches 
SW1, SW3, and SW4 are turned ON. At this time, the 
remaining switches SW2 and SW5 are kept OFF. 
[0150] In this manner, on the common electrode X 
side, the first signal line OUTA is raised to the voltage 
level (+Vs/2) applied through the switch SW1 . The volt- 
age (+Vs/2) of this first signal line OUTA is output on the 
output line OUTC through the switch SW4 to be applied 
to the load 20. At this time, the scanning electrode Y is 
kept in the state that the negative voltage (-Vs/2) is be- 
ing applied thereto. Consequently, the difference volt- 
age (Vs) is applied between the electrodes X and Y of 
the load 20, and a sustain discharge occurs. 
[0151] At this stage, the switches SW1 and SW3 are 
ON, and so the capacitor C1 is connected to the power 
supply. Thus the capacitor C1 stores the charges corre- 
sponding to the voltage (Vs/2) applied through the 
switch SW1. 

[0152] After applying the difference voltage (Vs)tothe 
load 20 for the sustain discharge, on the common elec- 
trode X side, the switch SW4 is turned OFF to stop the 
supply of the voltage (+Vs/2). and then the switch SW5 
is turned ON to return the voltage being applied to the 
common electrode X, to the ground level. Further, all the 
switches SW1 to SW5 are once set OFF, and then the 
switches SW2 and SW5 are turned ON. 
[0153] Since the switch SW2 is turned ON and the 
higher terminal side of the capacitor C1 is grounded, the 
second signal line OUTB falls to the potential (-Vs/2), 
which is lower than the ground level by the voltage (Vs/ 
2) corresponding to the charges stored in the capacitor 
C1 . At this time, since the switch SW5 is ON, the voltage 
(-Vs/2) of the second signal line OUTB is applied to the 
load 20 through the output line OUTC. 
[0154] After the positive voltage (+Vs/2) is applied to 
the common electrode X, and the voltage being applied 
to the common electrode X is again returned to the neg- 
ative voltage (-Vs/2), the same switching control is per- 
formed also on the scanning electrode Y side. By this 
control, also on the scanning electrode Y side, per- 
formed is the operation of applying the positive voltage 
(+Vs/2) and then returning to the state that the negative 
voltage (-Vs/2) is again applied. After this, the same con- 
trols are repeated alternately. 

[0155] Fig. 24 is a timing chart showing an example 
of control of the switches SW1 to SW5 and SWV to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 17. In this example of Fig. 24, it is assumed 
that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitors C1 and C4 on the common elec- 
trode X side and the scanning electrode Y side. 
[0156] In a sustain discharge period, on the common 
electrode X side, at first, the switches SW1, SW3, and 



SW4 are ON and the remaining switches SW2 and SW5 
are OFF. This makes the state that the positive voltage 
(+Vs/2) is being applied to the common electrode X. Al- 
so on the scanning electrode Y side, at first, the switches 
s SWT, SW3\ and SW4' are ON and the remaining 
switches SW2' and SW5* are OFF, and this makes the 
state that the positive voltage (+Vs/2) is being applied 
to the scanning electrode Y 

[0157] At this stage, the switches SW1 and SW3 on 
10 the common electrode X side are ON : and so the capac- 
itor C1 is connected to the power supply. Thus the ca- 
pacitor C1 stores the charges corresponding to the volt- 
age (Vs/2) applied through the switch SW1 . Similarly, 
since the switches SW1 ' and SW3' on the scanning elec- 
ts trode Y side are ON, and so the capacitor C4 is connect- 
ed to the power supply, the capacitor C4 stores the 
charges corresponding to the voltage (Vs/2) applied 
through the switch SWV 

[0158] At the next timing, on the common electrode X 

20 side, the switch SW4 is turned OFF to stop the supply 
of the voltage (+Vs/2), and then the switch SW5 is 
turned ON to return the voltage being applied to the 
common electrode X, to the ground level. Further, all the 
switches SW1 to SW5 are once set OFF, and then the 

25 switches SW2 and SW5 are turned ON. 

[0159] Since the switch SW2 is turned ON and the first 
signal line OUTA is grounded, the second signal line 
OUTB falls to the potential (-Vs/2), which is lower than 
the ground level by the voltage (Vs/2) corresponding to 

30 the charges stored in the capacitor C1 . At this time, 
since the switch SW5 is ON, the voltage (-Vs/2) of the 
second signal line OUTB is applied to the load 20 
through the output line OUTC. 
[0160] At this time, the scanning electrode Y is kept 

35 in the state that the positive voltage (+Vs/2) is being ap- 
plied thereto. Consequently, the difference voltage (Vs) 
is applied between the electrodes X and Y of the load 
20, and a sustain discharge occurs. After applying the 
difference voltage (Vs) to the load 20 for the sustain dis- 

40 charge, on the common electrode X side, the switch 
SW5 is turned OFF to stop the supply of the voltage (- 
Vs/2), and then the switch SW4 is turned ON to return 
the voltage being applied to the common electrode X, 
to the ground level. 

45 [0161] Further, all the switches SW1 to SW5 are set 
OFF, and then the switches SW1, SW3, and SW4 are 
turned ON. At this time, the remaining switches SW2 
and SW5 are kept OFF. The positive voltage (+Vs/2) is 
thereby applied to the common electrode X again. 

so [0162] After the negative voltage (-Vs/2) is applied to 
the common electrode X, and the voltage being applied 
to the common electrode X is again returned to the pos- 
itive voltage (+Vs/2), the same switching control is per- 
formed also on the scanning electrode Y side. By this 

55 control, also on the scanning electrode Y side, per- 
formed is the operation of applying the negative voltage 
(-Vs/2) and then returning to the state that the positive 
voltage (+Vs/2) is again applied. After this, the same 
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* controls are repeated alternately. 
[0163] Fig. 25 is a timing chart showing an example 
of control of the switches SW1 to S W5 and S W1 ' to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 18. In this example of Fig. 25, it is assumed 
that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitors C1 and C4 on the common elec- 
trode X side and the scanning electrode Y side. 
[0164] In a sustain discharge period, on the common 
electrode X side, at first, the switches SW1, SW3, and 
SW4 are OFF and the remaining switches SW2 and 
SW5 are ON. This makes the state that the negative 
voltage (-Vs/2) is being applied to the common electrode 
X. Also on the scanning electrode Y side, at first, the 
switches SW1\ SW3*, and SW4' are OFF and the re- 
maining switches SW2 1 and SW5' are ON, and this 
makes the state that the negative voltage (-Vs/2) is be- 
ing applied to the scanning electrode Y. 
[01 65] At the next timing, on the common electrode X 
side, after the switch SW5 is turned OFF to stop the sup- 
ply of the voltage (-Vs/2), the switch SW4 is turned ON. 
The voltage being applied to the common electrode X 
is thereby returned to the ground level. Further, after the 
switch SW2 is turned OFF, the switches SW1 and SW3 
are turned ON. At this time, the remaining switches SW4 
and SW5 are kept ON and OFF, respectively. 
[0166] In this manner, on the common electrode X 
side, the first signal line OUTA is raised to the voltage 
level (+Vs/2) applied through the switch SW1 . The volt- 
age (+Vs/2) of this first signal line OUTA is output on the 
output line OUTC through the switch SW4 to be applied 
to the load 20. At this time, the scanning electrode Y is 
kept in the state that the negative voltage (-Vs/2) is be- 
ing applied thereto. Consequently, the difference volt- 
age (Vs) is applied between the electrodes X and Y of 
the load 20, and a sustain discharge occurs. 
[0167] At this stage, the switches SW1 and SW3 are 
ON, and so the capacitor C1 is connected to the power 
supply. Thus the capacitor C1 stores the charges corre- 
sponding to the voltage (Vs/2) applied through the 
switch SW1. 

[0168] After applying the difference voltage (Vs)tothe 
load 20 for the sustain discharge, on the scanning elec- 
trode Y side, the switch SW5' is turned OFF to stop the 
supply of the voltage (-Vs/2), and then the switch SW4' 
is turned ON to return the voltage being applied to the 
scanning electrode Y, to the ground level. Further, the 
switch SW2* is turned OFF, and then the switches SW1 ' 
and SW3' are turned ON. At this time, the remaining 
switches SW4' and SW5* are kept ON and OFF, respec- 
tively. 

[0169] In this manner, on the scanning electrode Y 
side, the voltage of the third signal line OUTA' is raised 
to the voltage level (+Vs/2) applied through the switch 
SW1 \ The voltage (+Vs/2) of this third signal line OUTA' 
is output on the output line OUTC through the switch 
SW4' to be applied to the load 20. At this time, the com- 



mon electrode X is kept in the state that the positive volt- 
age (+Vs/2) is being applied thereto. Consequently, both 
electrodes X and Y of the load 20 are at the same po- 
tential. 

5 [0170] Next, on the scanning electrode Y side, the 
switch S W4' is turned OFF to stop the supply of the volt- 
age (+Vs/2), and then the switch SW5' is turned ON to 
return the voltage being applied to the scanning elec- 
trode Y, to the ground level. Further, the switches SWV 
10 and SW3' are turned OFF, and then the switch SW2' is 
turned ON. At this time, the remaining switches SW4' 
and SW5' are kept OFF and ON, respectively. 
[0171] Since the switch SW2' is turned ON and the 
first signal line OUTA' is grounded, the voltage of the 
is fourth signal line OUTB' falls to the potential (-Vs/2), 
which is lower than the ground level by the voltage (Vs/ 
2) corresponding to the charges stored in the capacitor 
C4. At this time, since the switch SW5' is ON, the voltage 
(-Vs/2) of the fourth signal line OUTB' is applied to the 
load 20 through the output line OUTC. 
[0172] On the common electrode X side, the switch 
SW4 is turned OFF synchronously with the switch SW4' 
on the scanning electrode Y side being turned OFF. The 
supply of the voltage (+Vs/2) is thereby stopped to make 
25 the common electrode X at a high impedance. Further, 
the switch SW5' is turned ON. The voltage of the com- 
mon electrode X is thereby returned to the ground level 
by a function of the capacitance of the load 20, synchro- 
nously with the timing at which the voltage (+Vs/2) on 
30 the scanning electrode Y side is lowered to the ground 
level. After this, the switches SW1 and SW3 are turned 
OFF synchronously with the switches SWT and SW3* 
on the scanning electrode Y side being turned OFF. 
[0173] After this, the switch SW2 is turned ON syn- 
35 chronously with the switch SW2 1 on the scanning elec- 
trode Y side being turned ON in the state that the switch 
SW5* is kept ON. In this manner, by the function of the 
capacitance of the load 20, the voltage on the common 
electrode X side is lowered to the negative voltage (-Vs/ 
40 2) with following the voltage on the scanning electrode 
Yside. 

[0174] After the positive voltage (+Vs/2) is applied to 
the common electrode X, and the voltage being applied 
to the common electrode X is again returned to the neg- 

45 ative voltage (-Vs/2), the same switching control is per- 
formed also on the scanning electrode Y side. By this 
control, also on the scanning electrode Y side, per- 
formed is the operation of applying the positive voltage 
(+Vs/2) and then returning to the state that the negative 

50 voltage (-Vs/2) is again applied. After this, the same con- 
trols are repeated alternately. 

[0175] Fig. 26 is a timing chart showing another ex- 
ample of control of the switches SW1 to SW5 and SW1 ' 
to SW5' to generate the waveforms on the electrodes X 
55 and Y shown in Fig. IB/This example of Fig. 26 is almost 
the same as that of Fig. 25 described above, only except 
timings for turning the switches SW5 and SW5' ON. 
.[0176] More specifically, in the example of Fig. 25, the 
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difference voltage (Vs) is applied between the elec- 
trodes X and Y to make a sustain discharge occur, and 
then both electrodes X and Y are set at the Vs level. 
After this, the switches on the common electrode X side 
are set OFF to make a high impedance state on the com- 
mon electrode X side. With following a voltage drop on 
the scanning electrode Y side, the voltage being applied 
to the common electrode X is lowered from (+Vs/2) to 
the ground level, and then from the ground level to (-Vs/ 
2). Contrastingly in the example of Fig. 26, the switches 
on the scanning electrode Y side are set OFF to make 
a high impedance state on the scanning electrode Y 
side, and the voltage being applied to the scanning elec- 
trode Y is lowered from (+Vs/2) to the ground level, and 
then from the ground level to (-Vs/2), with following a 
voltage drop on the common electrode X side. 
[0177] Fig. 27 is a timing chart showing an example 
of control of the switches S W1 to S W5 and S W1 1 to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 1 9. In this example of Fig. 27, it is assumed 
that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitors C1 and C4 on the common elec- 
trode X side and the scanning electrode Y side. 
[0178] In sustain discharge period, on the common 
electrode X side, firstly, the switches SW1 , SW3, and 
SW4 are turned ON and the remaining switches SW2 
and SW5 are kept OFF. The first signal line OUTA is 
thereby set at the voltage level (+Vs/2) applied through 
the switch SW1. The voltage (+Vs/2) of this first signal 
line OUTA is output on the output line OUTC through 
the switch SW4 to be applied to the load 20. 
[0179] At this stage, the switches SW1 and SW3 are 
ON, and so the capacitor CI is connected to the power 
supply. Thus the capacitor C1 stores the charges corre- 
sponding to the voltage (Vs/2) applied through the 
switch SW1. 

[0180] On the scanning electrode Y side, the switch 
SW2' is turned ON at the same time when the switches 
SW1 , SW3, and SW4 on the common electrode X side 
are turned ON. A little after of this, the switch SW5* is 
also turned ON. At this time, the remaining switches 
SW1 \ SW3', and SW4' are kept OFF. 
[0181] Since the switch SW2* is thus turned ON and 
the first signal line OUTA' is grounded, the voltage of the 
fourth signal line OUTB* falls to the potential (-Vs/2), 
which is lower than the ground level by the voltage (Vs/ 
2) corresponding to the charges stored in the capacitor 
C4. Since the switch SW5' is turned ON a little after of 
the switch SW2', the voltage (-Vs/2) of the fourth signal 
line OUTB* is applied to the load 20 through the output 
line OUTC The difference voltage (Vs) is then applied 
between the electrodes X and Y of the load 20. 
[0182] After applying the difference voltage (Vs) to the 
load 20 for the sustain discharge, on the common elec- 
trode X side, the switch SW4 is turned OFF to stop the 
supply of the voltage (+Vs/2), and then the switch SW5 
is turned ON to return the voltage being applied to the 



common electrode X, to the ground level. At the next 
timing, all the switches SW1 to SW5 on the common 
electrode X side are set OFF. Next, the switch <SW2 is 
turned ON. A little after of this, the switch SW5* is also 

5 turned ON. At this time, the remaining switches SWT, 
SW3\ and SW4' are kept OFF. 
[0183] Since the switch SW2 is thus turned ON and 
the first signal line OUTA is grounded, the second signal 
line OUTB falls to the potential (-Vs/2), which is lower 

10 than the ground level by the voltage (Vs/2) correspond- 
ing to the charges stored in the capacitor C1 . Since the 
switch SW5 is turned ON, the voltage (-Vs/2) of the sec- 
ond signal line OUTB is applied to the load 20 through 
the output line OUTC. 

75 [0184] On the scanning electrode Y side, at a timing 
before the switch SW5 on the common electrode X side 
is turned ON as described above, the switch SW5' is 
turned OFF to stop the supply of the voltage (-Vs/2). The 
switch SW4' is then turned ON to return the voltage be- 

20 ing applied to the scanning electrode Y, to the ground 
level. 

[0185] A little late after the switch SW5 on the com- 
mon electrode X side is turned ON as described above, 
the switches SW1 \ SW3', and SW4' are turned ON. The 

25 voltage being applied to the scanning electrode Y is 
raised to the positive voltage (+Vs/2). By the above op- 
eration, the timing of applying the positive and negative 
voltages (±Vs/2) to the common electrode X can be al- 
ways earlier than that of applying the positive and neg- 

30 ative voltages (±Vs/2) to the scanning electrode Y. 
[0186] Fig. 28 is a timing chart showing an example 
of control of the switches SW1 to SW5 and SW1 1 to SW5' 
to generate the waveforms on the electrodes X and Y 
shown in Fig. 20. In this example of Fig. 28, it is assumed 

35 that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitors C1 and C4 on the common elec- 
trode X side and the scanning electrode Y side. 
[0187] In sustain discharge period, on the scanning 

40 electrode Y side, firstly, two switches SW2' and SW5* 
are turned ON and the remaining switches SW1 1 , SW3\ 
and SW4' are kept OFF. Since the switch SW2' is turned 
ON and the first signal line OUTA* is grounded, the volt- 
age of the fourth signal line OUTB* falls to the potential 

45 (-Vs/2), which is lower than the ground level by the volt- 
age (Vs/2) corresponding to the charges stored in the 
capacitor C4. At this time, since the switch SW5' is 
turned ON simultaneously with the switch SW2', the volt- 
age (-Vs/2) of the fourth signal line OUTB 1 is applied to 

50 the load 20 through the output line OUTC. 

[0188] On the common electrode X side, firstly, the 
switches SW1 , SW3, and SW5 are ON, and the remain- 
ing switches SW2 and SW4 are OFF. After the switches 
SW2' and SW5' on the scanning electrode Y side are 

55 turned ON, the switch SW5 is turned OFF, and then the 
switch SW4 is turned ON. That is, the switches SW1 , 
SW3, and SW4 are set ON, and the switches SW2 and 
SW5 are set OFF. 
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[0189] The first signal line OUTA is thereby raised to 
the voltage level (+Vs/2) applied through the switch 
SW1. The voltage (+Vs/2) of this first signal line OUTA 
is output on the output line OUTC through the switch 
SW4, which has been turned ON at the proper timing, 
to be applied to the load 20. Thus the difference voltage 
(Vs) is applied between the electrodes X and Y of the 
load 20 to cause a sustain discharge. 
[01 90] At this stage, the switches SW1 and SW3 are 
ON, and so the capacitor C1 is connected to the power 
supply. Thus the capacitor C1 stores the charges corre- 
sponding to the voltage (Vs/2) applied through the 
switch SW1 . 

[0191] After applying the difference voltage (Vs)tothe 
load 20 for the sustain discharge, on the scanning elec- 
trode Y side, the switch SW5" is turned OFF to stop the 
supply of the voftage (-Vs/2), and then the switch SW4* 
is turned ON to return the voltage being applied to the 
scanning electrode Y, to the ground level. Further, the 
switch SW2' is turned OFF, and then the switches SW1 ' 
and SW3' are turned ON. At this time, the remaining 
switches SW4' and SW5' are kept ON and OFF, respec- 
tively. 

[0192] In this manner, on the scanning electrode Y 
side, the voltage of the third signal line OUTA' is raised 
to the voltage level (+Vs/2) applied through the switch 
SW1 \ The voltage (+Vs/2) of this third signal line OUTA' 
is output on the output line OUTC through the switch 
SW4' to be applied to the load 20. At this time, the com- 
mon electrode X is kept in the state that the positive volt- 
age (+Vs/2) is being applied thereto. Consequently, both 
electrodes X and Y of the load 20 are at the same po- 
tential. 

[0193] Next, on the scanning electrode Y side, the 
switch SW4 1 is turned OFF to stop the supply of the volt- 
age (+Vs/2). and then the switch SW5* is turned ON to 
return the voltage being applied to the scanning elec- 
trode Y, to the ground level. 

[0194] On the common electrode X side, the switch 
SW4 is turned OFF synchronously with the switch SW4' 
on the scanning electrode Y side being turned OFF. At 
this time, since the switch SW5 is also OFF, the common 
electrode X becomes an high impedance state. In this 
manner, by the function of the capacitance of the load 
20, the voltage on the common electrode X side is low- 
ered to the ground level with following the voltage on the 
scanning electrode Y side. 

[0195] After the negative and positive voltages (-Vs/ 
2) and (+Vs/2) are respectively applied to the scanning 
and common electrodes Y and X to return the voltages 
of both electrodes X and Y to the ground level, switching 
control to the contrary is performed successively, there- 
by applying the positive and negative voltages (+Vs/2) 
and (-Vs/2) to the scanning and common electrodes Y 
and X sides, respectively. After this, the same controls 
are repeated alternately. 

[0196] Fig. 29 is a timing chart showing another ex- 
ample of control of the switches SW1 to SW5 and SW1 ' 



to SW5' to generate the waveforms on the electrodes X 
and Yshown in Fig. 20. Thisexampleof Fig. 29 is almost - 
nothe same as that of Fig. 28 described above, only except 
timings for turning the switches SW5 and SW5' ON. 

5 [0197] More specifically, in the example of Fig. 28, af- 
ter the difference voltage (Vs) is applied between the 
electrodes X and Y to make a sustain discharge occur, 
the switches SW4 and SW5 on the common electrode 
X side are set OFF to make a high impedance state on 

10 the common electrode X side. The voltage being applied 
to the common electrode X is lowered to (-Vs/2) with 
following the voltage drop on the scanning electrode Y 
side. Contrastingly in the example of Fig. 29,'the switch- 
es SW4' and SW5' on the scanning electrode Y side are 

is set OFF to make a high impedance state on the scan- 
ning electrode Y side, and the voltage being applied to 
the scanning electrode Y is lowered to (-Vs/2) with fol- 
lowing the voltage drop on the common electrode X 
side. 

20 [0198] Fig. 30 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this first embodiment. In Fig. 30, the-components de- 
noted by the same references as those in Fig, 9 or 1 2 
have the same functions as those in Fig. 9 or 1 2, respec- 
ts tively. Thus the repetitive descriptions thereof will be 
omitted. Fig. 26 illustrates only the construction on the 
scanning electrode Y side in detail, but the power supply 
circuit 43 and the driver circuit 44 on the common elec- 
trode X side also have substantially the same construe- 
so tions as the power supply circuit 43' and.the driver circuit 
44' on the scanning electrode Y side. 
[0199] This example uses two capacitors C4 and C5 
for storing charges on the scanning electrode Y side, 
and differs on this point from the example of Fig. 1 2 that 
35 uses only one capacitor C4. For example, an electrolytic 
capacitor and a film capacitor may be used as one ca- 
pacitor C4 and the other capacitor C5, respectively. Use 
of such a film capacitor C5 in addition to an electrolytic 
capacitor C4 affords a stable operation even in a high 
40 frequency range. Besides, even in a low temperature 
condition in which the electrolytic capacitor C4 is hard 
to operate as a capacitance, the film capacitor C5 can 
compensate the operation. In case of the example of 
Fig. 5 using only one capacitor C4, the capacitor C4 may 
45 be either a film capacitor or an electrolytic capacitor. 
[0200] Fig. 31 is a timing chart showing a specific ex- 
ample of driving waveforms in a sustain discharge peri- 
od by the driving apparatus constructed as in Fig. 30. In 
Fig. 31 , the parts shown by double lines in the driving 
50 waveforms of the third and fourth signal lines OUTA* and 
OUTB' and the output line OUTC, correspond to low im- 
pedance periods, i.e., periods in which any of the switch- 
es SWT to SW5' is ON. 

[0201] The features that, by switching operation of 
55 three switches SW1 r to SW3\ the voltage on the third 
signal line OUTA* is swung between the positive voltage 
(+Vs/2) and the ground level, and the voltage on the 
.fourth signal line OUTB' is swung between the ground 
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level and the negative voltage (-Vs/2), and that the pos- 
itive or negative voltage applied to the first or second 
signal linetOUTA* or OUTB' is selectively output on the 
output line OUTC by switching operation of two switch- 
es SW4' and SW5\ are as described above. Thus their 
detailed description will be omitted here. 
[0202] It should be noted in Fig. 31 that the switch 
SW4' or SW5' is turned ON after the voltages of the first 
and second signal lines OUTA' and OUTB' are fixed by 
switching operation of the three switches SW1 ' to SW3\ 
That is, in this example of Fig. 31 , the timings of actually 
applying voltages to the load 20 are determined by the 
timings of turning the switches SW4 1 and SW5 1 ON. 
[0203] Fig, 32 is a timing chart showing another ex- 
ample of driving waveforms in a sustain discharge peri- 
od by the driving apparatus constructed as in Fig. 30. It 
should be noted in Fig. 32 that the switch SW4* or SW5* 
is turned ON in advance before the voltages of the first 
and second signal lines OUTA' and OUTB' are fixed by 
switching operation of the three switches SW1 1 to SW3'. 
[0204] In this manner, the moment that the positive or 
negative voltage is output on the first or second signal 
lines OUTA' or OUTB' by switching operation of the 
three switches SWV to SW3\ either voltage can imme- 
diately be applied to the load 20. This makes it possible 
to shorten the useless period in which any of the switch- 
es SWV to SW5' are OFF, and to achieve a higher- 
speed operation than that in Fig. 31 . 

(Second Embodiment) 

[0205] Next, the second embodiment of the present 
invention will be described. 

[0206] Fig. 33 is a circuit diagram showing an exam- 
ple of construction of a driving apparatus according to 
this second embodiment In Fig. 33, the components 
having the same functions as those in Fig. 9 are denoted 
by the same references as those in Fig. 9, respectively. 
Thus the repetitive descriptions thereof will be omitted. 
[0207] In the driving apparatus shown in Fig. 9, the 
switch SW4 is provided in the driver circuit 44, and it and 
the switch SW5 are connected in series between both 
terminals of the capacitor C1 in the power supply circuit 
43. Contrastingly in this second embodiment shown in 
Fig. 33, the switch SW4 is provided in the power supply 
circuit 43, and connected between one terminal of the 
capacitor C1 and the first signal line OUTA. The other 
construction is the same as that in Fig. 9. 
[0208] This second embodiment shown in Fig. 33 is 
the same as the first embodiment on the point that the 
switches SW1 , SW3, and SW4 are turned ON in order 
to apply the positive voltage (+Vs/2) to the load 20 
through the output line OUTC, thereby charging the ca- 
pacitor C1 . This second embodiment is the same as the 
first embodiment also on the point that the switches 
SW2 and SW5 are turned ON in order to apply the neg- 
ative voltage (-Vs/2) to the bad 20 through the output 
line OUTC by using the charges stored in the capacitor 



C1. For this purpose, various patterns of driving wave- 
forms like those described in the first embodiment can 
be used to b^applied to the common and scanning elec- 
trodes X and Y. 

5 [0209] According to this second embodiment thus 
constructed, the total voltage drop caused by a current 
flowing through switches when either voltage is applied 
to the load 20 can be made small, and so the power loss 
is suppressed. More specifically, when the positive volt- 

10 age (+Vs/2) is applied to the load 20, a current flows 
through two switches SW1 and SW4 in case of the first 
embodiment. Contrastingly in this second embodiment, 
the current flows through only one switch SW1 to apply 
the positive voltage (+Vs/2) to the load 20. Hence, the 

is voltage drop can be decreased by the degree corre- 
sponding to one switch. 

[0210] Fig. 33 shows the example that either of the 
power supply circuit 43 and the driver circuit 44 is con- 
structed as a common circuit for all display lines provid- 

20 ed in the PDR But, as for the driver circuit 44, it may be 
alternatively constructed into an LSI that is provided with 
such a driver circuit for every display line, as the eighth 
and ninth embodiments of the present invention, which 
will be described later. Such a driver circuit 44 with LSI 

25 structure requires two switches SW4 and SW5 for every 
display line in case of the first embodiment. But the 
same according to this second embodiment only re- 
quires one switch SW5 for every display line, thereby 
considerably decreasing the total number of switches. 

30 This affords a reduced circuit scale and a cost reduction. 
[0211] Fig. 34 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this second embodiment In Fig. 34, the components 
having the same functions as those in Fig. 30 are de- 

55 noted by the same references as those in Fig. 30, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0212] In this example of Fig. 34, the switch SW4' is 
provided in the power supply circuit 43', and connected 
40 between one terminal of each of the capacitors C4 and 
C5, and the third signal lines OUTA'. The switches SW1 
SW4', and SW2' are connected in series between the 
power supply line of the voltage (Vs/2) and the ground 
line. The other construction is the same as that in Fig. 

45 30. 

[0213] Fig. 35 is a timing chart showing a specific ex- 
ample of driving waveforms in a sustain discharge peri- 
od by the driving apparatus constructed as in Fig. 34. 
[0214] The basic operations for alternately applying 

50 the positive and negative voltages (±Vs/2) on the output 
line OUTC by switching control of the five switches 
SW1 ' to SW5* are the same as those in the first embod- 
iment described above. Thus the detailed description 
thereof will be omitted here. 

55 [0215] It should be noted in Fig. 35 that, when three 
switches SWV, SW3\ and SW4' are turned ON in order 
to output the positive voltage (+Vs/2) on the output line 
OUTC, the timing of turning the switch SW3' ON is 
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clearly earlier than the timing of turning the switches 
SW1*andSW4'ON. 

[0216] In case of controlling two or more switches to 
be changed at a time, those switches may not always 
simultaneously change due to various causes including 
unevenness in manufacturing elements, and there is a 
little time difference. In such a case, it is no problem if 
the timing of turning the switch SW3' ON is shifted to be 
earlier than the timing of turning the switches SW1 ' and 
SW4' ON. However, delay of the timing of turning the 
switch SW3' ON may cause a bad operation of the cir- 
cuit For this reason, inthis example of Fig. 31,thetiming 
of turning the switch SW3' ON is set to be clearly earlier, 
thereby insuring a stable operation of the circuit. 
[0217] Besides in this example of Fig. 35, when two 
switches SW2' and SW5' are turned ON in order to out- 
put the negative voltage (-Vs/2) on the output line 
OUTC 1 , the timing of turning the switch SW2' ON is set 
to be clearly earlier than the timing of turning the switch 
SW5' ON. 

(Third Embodiment) 

[0218] Next, the third embodiment of the present in- 
vention will be described. 

[0219] Fig. 36 is a circuit diagram showing an exam- 
ple of construction of a driving apparatus according to 
this third embodiment. In Fig. 36, the components hav- 
ing the same functions as those in Fig. 9 are denoted 
by the same references as those in Fig. 9, respectively. 
Thus the repetitive descriptions thereof will be omitted. 
[0220] In the driving apparatus shown in Fig. 9, the 
switch SW5 is provided in the driver circuit 44, and it and 
the switch SW4 are connected in series between both 
terminals of the capacitor C1 in the power supply circuit 
43. Contrastingly in this third embodiment shown in Fig. 
36, the switch SW5 is provided in the power supply cir- 
cuit 43, and connected between the other terminal of the 
capacitor C1 and the second signal line OUTB. The oth- 
er construction is the same as that in Fig. 9. 
[0221] In this third embodiment shown in Fig. 36, lor 
applying the positive voltage (+Vs/2) to the load 20 
through the output line OUTC, the switches SW1 and 
SW4 are turned ON for example. Besides, for applying 
the negative voltage (-Vs/2) to the load 20 through the 
output line OUTC by using the charges stored in the ca- 
pacitor C1 , the switches SW2 and SW5 are turned ON. 
For this purpose, various patterns of driving waveforms 
like those described in the first embodiment can be used 
to be applied to the common and scanning electrodes 
Xand Y. 

[0222] According to this third embodiment thus con- 
structed, the total voltage drop caused by a current flow- 
ing through switches at each timing when the capacitor 
of the load 20 is discharged, can be made small, and so 
the power loss is suppressed. More specifically, when 
the charges stored in the load 20 are eliminated to the 
ground line to return the load 20 from the positive volt- 



age (+Vs/2) to the ground level, the current flows 
through two switches SW5 and SW3 in case of the first 
embodiment. Contrastingly in this third embodiment, the 
current flows through only one switch SW3 to discharge 
5 the load 20. Hence, the voltage drop can be decreased 
by the degree corresponding to one switch in compari- 
son with the first embodiment. 

[0223] Besides, in case of the driver circuit 44 con- 
structed into an LSI as the eighth and ninth embodi- 
es ments of the present invention which will be described 
later, it requires two switches SW4 and SW5 for every 
display line in case of the first embodiment. But the 
same according to this third embodiment only requires 
one switch SW5 for every display line, thereby consid- 
erably decreasing the total number of switches. This af- 
fords a reduced circuit scale and a cost reduction. 
[0224] Fig. 37 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this third embodiment. In Fig. 37, the components 
having the same functions as those in Fig. 30 are de- 
noted by the same references as those in Fig. 30, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0225] In this example of Fig. 37, the switch SW5' is 
provided in the power supply circuit 43', and connected 
between the other terminal of each of the capacitors C4 
and C5, and the fourth signal lines OUTB'. The other 
construction is the same as that in Fig. 30. 
[0226] Fig. 38 is a timing chart showing a specific ex- 
ample of driving waveforms in a sustain .discharge peri- 
od by the driving apparatus constructed as in Fig. 37. 
[0227] The basic operations for alternately applying 
the positive and negative voltages (±Vs/2) on the output 
line OUTC by switching control of the five switches 
SW1 1 to SW5' aire the same as those in the first embod- 
iment described above. Thus the detailed description 
thereof will be omitted here. 

[0228] It should be noted in Fig. 38 that the switches 
SW3' and SW5' are not turned ON when the switches 
SW1 ' and SW4' are turned ON to apply the positive volt- 
age (+Vs/2) to the load 20, but those switches SW3' and 
SW5' are turned ON when the charges stored in the load 
20 by the application of the positive voltage (+Vs/2) are 
eliminated to return the voltage being applied, to the 
ground level. In this example of Fig. 38, by keeping the 
switch SWV ON till the switch SW3' is turned ON, the 
capacitors C4 and C5 are charged at the timing of dis- 
charging the load 20. In this manner, changeover of 
each of the switches'SWI ' to SW5' can be made more 
effectively without useless. 

[0229] Besides, in this example of Fig. 38, the timing 
of turning the switch SW1 1 ON is clearly earlier than the 
timing of turning the switch SW4' ON . This is for insuring 
a stable operation of the circuit like the second embod- 
iment described with Fig. 35, by the manner that not the 
changeover timings of the switches SW1 ' and SW4' are 
set at the same timing but the timing of turning the switch 
SWV ON is set to be clearly earlier. 
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[0230] Also in this example of Fig. 38, when two 
switches SW2' and SW5' are turned ON in order to out- 
put the negative voltage (-Vs/2) on the output line 
OUTC, the timing of turning the switch SW2' ON is set 
to be clearly earlier than the timing of turning the switch 
SW5' ON. 

(Fourth Embodiment) 

[0231] Next, the fourth embodiment of the present in- 
vention will be described. 

[0232] Fig. 39 is a circuit diagram showing an exam- 
ple of construction of a driving apparatus according to 
this fourth embodiment. In Fig. 39, the components hav- 
ing the same functions as those in Fig. 9 are denoted 
by the same references as those in Fig. 9, respectively. 
Thus the repetitive descriptions thereof will be omitted. 
[0233] The driving apparatus according to this fourth 
embodiment shown in Fig. 39 is further provided with an 
offset circuit 45 in addition to the construction shown in 
Fig. 9. The offset circuit 45 comprises two routes for con- 
necting between the ground and the first signal line 
OUTA. One route is made up from a power supply of an 
offset voltage Vbp, and a switch SW6. The other route 
is made up from a power supply of an offset voltage Vbn, 
and a switch SW7. 

[0234] In this construction, when the switch SW6 is 
ON, the offset circuit 45 outputs a positive voltage 
(+Vbp) on the first signal line OUTA. When the switch 
SW7 is ON, the offset circuit 45 outputs a negative volt- 
age (-Vbn) on the first signal line OUTA. Thus a voltage 
using such an offset voltage (+Vbp or -Vbn) can be ap- 
plied through the first signal line OUTA and the output 
line OUTC to the load 20. Besides, using such an offset 
voltage, the voltage which is lower than the offset volt- 
age level (+Vbp or -Vbn) by the voltage (Vs/2) corre- 
sponding to the charges accumulated in the capacitor 
C1 , can be set on the second signal line OUTB, and the 
voltage can be applied to the load 20 through the output 
line OUTC. 

[0235] In this manner, the provision of the offset circuit 
45 according to this fourth embodiment makes it possi- 
ble to output also a voltage other than (+Vs/2) on the 
first or second signal line OUTA or OUTB. This raises 
the degree of freedom of voltage to be applied to the 
load 20. For example, a voltage used in a period other 
than such a sustain discharge period can be generated 
by this offset circuit 45. 

[0236] Fig. 40 is a circuit diagram showing another ex- 
ample of construct ran of a driving apparatus according 
to this fourth embodiment. In Fig. 40, the components 
having the same functions as those in Figs. 30 and 39 
are denoted by the same references as those in Figs. 
30 and 39, respectively. Thus the repetitive descriptions 
thereof will be omitted. 

[0237] In this example of Fig. 40, an offset circuit 45' 
having the same construction as the above-described 
offset circuit 45 on the common electrode X side, is pro- 



vided on the scanning electrode Y side. 
[0238] Fig. 41 is a timing chart showing a specific ex- 
ample of driving waveforms in a sustain discharge peri- 
od by the driving apparatus constructed as in Fig. 40. 
s [0239] In particular, Fig. 41 shows states of the volt- 
ages output on the first and second signal lines OUTA' 
and OUTB' when the switches SW6' and SWT of the 
offset circuit 45' are turned ON. 

[0240] Referring to Fig. 41 , when the switch SW6' of 
io the offset circuit 45' is turned ON in the state that the 
voltages of the third and fourth signal lines OUTA' and 
OUTB* are respectively at the ground level and (-Vs/2), 
the voltages of the third and fourth signal lines OUTA" 
and OUTB 1 are shifted to (+Vbp) and (-Vs/2 + Vbp), re- 
spectively. After this, when the switch SW6' is turned 
OFF and the switch SWT is turned ON, the voltages of 
the third and fourth signal lines OUTA' and OUTB' are 
shifted to (-Vbn) and (-Vs/2 - Vbn), respectively. 
[0241] In any case, the potential difference between 
the third and fourth signal lines OUTA' and OUTB' is al- 
ways kept at (-Vs/2). 

[0242] In the construction shown in Fig. 39 or 40, var- 
ious patterns of driving waveforms like those described 
in the first embodiment can be used to be applied to the 
common and scanning electrodes X and Y. 

(Fifth Embodiment) 

[0243] Next, the fifth embodiment of the present in- 
vention will be described. 

[0244] In this fifth embodiment, a circuit for applying 
a write voltage Vw' (= Vs/2 + Vw) to the scanning elec- 
trode Y in a reset period, and a circuit for applying the 
voltage (-Vs/2) to the scanning electrode Y in an ad- 
dress period are further provided for the circuit shown 
in any of the first to fourth embodiments described 
above. 

[0245] Fig. 42 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this fifth embodiment. The example of Fig. 42 is 
a further improvement of the circuit shown in the first 
embodiment. In Fig. 42, the components having the 
same functions as those in Fig. 12 are denoted by the 
same references as those in Fig. 12, respectively. Thus 
the repetitive descriptions thereof will be omitted. In Fig. 
38, for convenience' sake, C1 or C4 denotes a combi- 
nation of electrolytic and film capacitors for storing 
charges. 

[0246] In this example of Fig. 42, a circuit for applying 
a write voltage Vw 1 (= Vs/2 + Vw) is provided on the 
scanning electrode Y side. More specifically, a switch 
SW9' is provided between the power supply line Vwfor 
generating the write voltage and the fourth signal line 
OUTB'. This switch SW9' includes a resistor R1. 
[0247] On the scanning electrode Y side, in addition 
to the above construction, three transistors Tr21, Tr22, 
and Tr23, and two diodes D16 and D17 are provided. 
The transistor Tr21 is turned ON to make the waveform 



20 



25 



30 



35 



40 



45 



SO 



43 



EP 1 065 650 A2 



44 



of pulse voltage being applied to the scanning electrode 
Y, obtuse by the function of a resistor R2 connected to 
the transistor Tr21 . This transistor Tr21 and the resistor 
R2 are connected in parallel with the switch SW5\ 
[0248] The transistors Tr22 and Tr23 are for giving the 
potential difference (Vs/2) between both terminals of the 
scan driver 31 ' in address period. This is by the following 
reason. In sustain discharge period, the switches SW2' 
and SW5 1 are turned ON. The upper side voltage of the 
scan driver 3V thereby becomes (-Vs/2) in accordance 
with the charges accumulated in the capacitor C4, but 
the lower side voltage of the scan driver 31* also be- 
comes (-Vs/2) by a function of the diode in the scan driv- 
er 31'. Thus the potential difference (Vs/2) can not be 
given between both terminals of the scan driver 3V. 
[0249] Contrastingly in address period, the switch 
SW2' and the transistor Tr22 are turned ON. The upper 
side voltage of the scan driver 31 ' thereby becomes the 
ground level. Besides, the transistor Tr23 is turned ON 
at this time. The negative voltage (-Vs/2) output on the 
fourth signal line OUTB' in accordance with the charges 
accumulated in the capacitor C4 is thereby applied to 
the lower side of the scan driver 31 \ In outputting a scan 
pulse by the scan driver 31 the negative voltage (-Vs/ 
2) can be applied to the scanning electrode Y 
[0250] One diode D16 is used when a current is made 
to flow from the scan driver 31 ' to the ground at the tim- 
ing of applying the positive voltage (+Vs/2) to the com- 
mon electrode X. For the current flowing from the scan 
driver 31' to the ground, a route in case of turning the 
switch SW2' ON and a route in case of turning the 
switches SW3' and SW5' ON are present. In this exam- 
ple, however, the diode D16 is provided in the middle of 
the route on the switch SW2' side so that the current 
may be made to flow through the switch SW2' to the 
ground. In this manner, the total voltage drop caused by 
the current flowing through switches, can be made 
small, and so the power loss is suppressed. 
[0251] The other diode D17 is used when a current is 
made to flow from the ground to the scan driver 31 1 at 
the timing of returning the voltage being applied to the 
common electrode X, from the positive voltage (+Vs/2) 
to the ground level. For the current flowing from the 
ground to the scan driver 31 \ thinkable are the route 
through the switch SW3\ the fourth signal line OUTB', 
and the diode D17, and the route through the switch 
SW2\ the third signal line OUTA\ and the switch SW4\ 
In this example, however : the diode D17 is provided so 
that the current may be made to flow through this route. 
The number of stages of switches to pass through is 
thereby reduced, and the total voltage drop can be made 
small. 

[0252] Fig. 43 is a timing chart showing driving wave- 
forms on the scanning electrode Y side by the driving 
apparatus constructed as in Fig. 42, which shows only 
the reset and sustain discharge periods in one subfield. 
[0253] Referring to Fig. 43, in reset period, the switch- 
es SWT and SW3 1 are turned ON to accumulate the 



charges corresponding to the voltage (Vs/2) in the ca- 
pacitor C4. After this, the switches SWT and SW3' are - 
turned OFF, and then the switch SW^ ? ks well as the 
switch SW4' is turned ON. The voltage of the third signal 

5 line OUTA' is thereby raised to the voltage level corre- 
sponding to the sum of the voltage (Vs/2) of the capac- 
itor C4 and the voltage Vw of the fourth signal line 
OUTB'. The voltage (Vs/2 + Vw) is applied to the scan- 
ning electrode Y of the load 20. At this time, as shown 

10 in Fig. 43, the voitage rises gradually by the function of 
the resistor R1 provided in the switch SW9\ 
[0254] At this time, by applying the negative voltage 
(-Vs/2) to the common electrode X, the potential differ- 
ence between the common and scanning electrodes X 

is and Y becomes (Vs + Vw). The same potential differ- 
ence as the full write pulse shown in the reset period of 
Fig. 3 can be thereby applied between the common and 
scanning electrodes X and Y. In this case, the. voltage 
applied to the element of the switch SW9' is Vw at most. 

20 Thus the breakdown voltage of this element may be set 
at Vw : and it can be held down to a considerably low 
value in comparison with its breakdown voltage in pre- 
viously-considered apparatus. 

[0255] Besides, since the voltages between the third 

25 and fourth signal lines OUTA' and OUTB' and between 
the first and second signal lines OUTA and OUTB are 
always Vs/2 or less, the breakdown voltage of each of 
the switches SW4', SW5', SW4, and SW5, and the scan 
driver 31 1 may be Vs/2 or more. This makes it possible 

30 to apply the full write pulse voltage (Vs. + Vw) between 
the common and scanning electrodes X and Y using a 
circuit with a low breakdown voltage, and so realize a 
reduced cost in manufacturing. 
[0256] In the sustain discharge period, the switch 

35 SW9' is not turned ON, and the other switches SW1 ' to 
SW5' are controlled in the same manner as in the above 
embodiments so that the positive and negative voltages 
(±Vs/2) are alternately applied to the scanning electrode 
Y of the load 20. 

40 [0257] Fig. 44 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this fifth embodiment. In Fig. 44, the components hav- 
ing the same functions as those in Fig. 42 are denoted 
by the same references as those in Fig. 42, respectively. 

45 Thus the repetitive descriptions thereof will be omitted. 
[0258] In this example of Fig. 44, a circuit for applying 
a voltage Vw' is provided on the scanning electrode Y 
side. More specifically, the switch SW9 1 is provided be- 
tween the power supply line for the voltage Vw 1 and the 

50 fourth signal line OUTB'. This switch SW9' includes a 
resistor R1 . This power supply voltage Vw* is greater 
than the voltage (Vs/2). For example, it has the same 
voltage value as the full write pulse voltage (Vs/2 + Vw) 
applied to the load 20 in the reset period. 

55 ' [0259] In this construction, to apply the voltage Vw 1 to 
the load 20, the switch SW9' is turned ON. The voltage 
Vw" is thereby appfied through the route of the diode D1 7 
.provided in parallel with the transistor Tr 23, and a diode 
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in the scan driver 31 '. When the voltage W is applied, 
all the switches other than the switch SW9' are OFF on 
the scanning electrode Y side. 'he 
[0260] Fig. 45 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus. constructed 
as in Fig. 44. Fig. 45 shows one of the subfields making 
up one frame. In this example of Fig. 45, it is assumed 
that, by processing in the preceding subfield, the charg- 
es corresponding to the voltage (Vs/2) are stored in ei- 
ther of the capacitors C1 and C4 on the common elec- 
trode X side and the scanning electrode Y side. 
[0261] Firstly in reset period, on the common elec- 
trode X side, the switches SW2 and SW5 are turned ON, 
and the remaining switches SW1, SW3, and SW4 are 
kept OFF. The voltage of the second signal line OUTB 
is thereby lowered to (-Vs/2) in accordance with the 
charges stored in the capacitor C1 . The voltage (-Vs/2) 
is output on the output line OUTC through the switch 
SW5 to be applied to the common electrode X of the 
load 20. 

[0262] On the scanning electrode Y side : the switch 
SW9' is turned ON, and the switches SW1 ' to SW4' are 
kept OFF. The voltage of the fourth signal line OUTB' is 
thereby raised to the level of the voltage Vw' (= Vs/2 + 
Vw) applied through the switch SW9\ The voltage Vw 1 
is output on the output line OUTC through the diode D 1 7 
and the diode in the scan driver 31 \ to be applied to the 
scanning electrode Y of the load 20. 
[0263] Thus the potential difference between the 
common and scanning electrodes X and Y becomes (Vs 
+ Vw). The same potential difference as the full write 
pulse shown in the reset period of Fig. 3 can be thereby 
applied between the common and scanning electrodes 
X and Y In this case, the voltage applied to the element 
of the switch SW9' is Vw* = (Vs/2 + Vw) at most. Thus 
the breakdown voltage of this element may be set at ( Vs/ 
2 + Vw), and it can be held down to a low value in com- 
parison with its breakdown voltage in previously-consid- 
ered apparatus. 

[0264] Besides, since the voltages between the third 
and fourth signal lines OUTA' and OUTB' and between 
the first and second signal lines OUTA and OUTB are 
always Vs/2 or less, the breakdown voltage of each of 
the switches SW4', SW5', SW4, and SW5, and the scan 
driver 31 1 may be Vs/2 or more. This makes it possible 
to apply the full write pulse voltage (Vs + Vw) between 
the common and scanning electrodes X and Y using a 
circuit with a low breakdown voltage, and so realize a 
reduced cost in manufacturing. 
[0265] In this reset period, the voltage applied to the 
scanning electrode Y by turning the switch SW9' ON, 
has a waveform in which the voltage being applied 
changes continuously with time elapsing by the function 
of the resistor R1 (this is referred to as an obtuse wave). 
When such an obtuse wave is applied, discharges occur 
in order of the cells whose discharge voltages become 
equal to a pulse voltage in the rising of the obtuse wave. 
This means that substantially the optimum voltage for 



each cell (voltage substantially equal to its discharge 
start voltage) is applied to the cell. 
[0266] As such a pulse that the voltage being applied 
changes gradually with time elapsing, usable are obtuse 
5 waves whose rates of change per unit time varies grad- 
ually, or triangular waves whose rates of change per unit 
time are constant, etc. 

[0267] Next, the switches SW5 and SW4 on the com- 
mon electrode X side are respectively turned OFF and 

10 ON so that the voltage of the common electrode X is set 
at the ground level, while, on the scanning electrode Y 
side, the switch SW9' is turned OFF, and the switches 
SW1 \ SW3\ and SW5* are turned ON, so that the volt- 
age of the scanning electrode Y is returned to the ground 

75 level. After this, on the common electrode X side, the 
switches S W2 and S W5 are turned OFF, and the switch- 
es SW1 , SW3, and SW4 are turned ON, and, on the 
scanning electrode Y side, the switches SW1\ SW3\ 
SW4', SW5\ and SW9' are turned OFF, and the switch 

20 SW2' and the transistor TR21 is turned ON. 

[0268] The voltage being applied to the common elec- 
trode X is thereby raised from the ground level to (Vs/ 
2), while the voltage being applied to the scanning elec- 
trode Y is lowered to (-Vs/2). At this time, by turning the 

25 transistor Tr21 ON, the voltage is gradually lowered as 
shown in Fig. 41 . The voltage due to the wall charges 
themselves thereby exceeds the discharge start voltage 
in every cell, and a discharge starts. Also at this time, 
weak discharges occur by applying the obtuse wave so 

30 that the accumulated wall charges are eliminated except 
part of them. 

[0269] As for the voltage being applied to the common 
electrode X, it is also possible to make the voltage be 
continuously lowered from the ground level to the (-Vs/ 

35 2) level if the same components as the above transistor 
Tr21 and resistor R are provided in parallel with the 
switch SW5 on the common electrode X side. 
[0270] Next, in the subsequent address period, for 
making each cell ON/OFF in accordance with display 

40 data, address discharges occur line-sequentially. At this 
time, on the common electrode X side, the switches 
SW1 , SW3, and SW4 are turned ON, and the remaining 
switches SW2 and SW5 are kept OFF. The voltage of 
the first signal line OUTA is thereby raised to the voltage 

45 (Vs/2) applied through the switch SW1 . The voltage (Vs/ 
2) is output on the output line OUTC through the switch 
SW4 to be applied to the common electrode X of the 
load 20. 

[0271] To apply a voltage to the scanning electrode Y 
so corresponding to a certain display line, the switch SW2' 
and the transistor Tr22 are turned ON. The upper side 
voltage of the scan driver 31 1 is thereby set at the ground 
level. At this time, since the transistor Tr23 is turned ON, 
the negative voltage (-Vs/2) output on the fourth signal 
55' line OUTB' in accordance with the charges accumulated 
in the capacitor C4 is applied to the lower side of the scan 
driver 31 By this operation, the voltage at the (-Vs/2) 
level is applied to the scanning electrode Y of the load 
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20 when the scanning electrode Y is selected in a line- 
sequential manner. When the scanning electrode Y is not 
selected, the voltage at the ground level is applied to it. 
[0272] At this time, an address pulse of the voltage va 
is selectively applied to an address electrode Aj corre- 
sponding to the cell in which a sustain discharge should 
occur, i.e., the cell to be lit, in the address electrodes A1 
to Am. As a result, a discharge occurs between the ad- 
dress electrode Aj and the scanning electrode Y select- 
ed in the line-sequential manner, of the cell to be lit, and 
it serves as a priming (pilot) for a discharge immediately 
occurring between the common and scanning elec- 
trodes X and Y A quantity of wall charges for making 
the next sustain discharge possible is thereby stored in 
the surface of the MgO protective film on the common 
and scanning electrodes X and Y of the selected cell. 
[0273] The discharge between the address and scan- 
ning electrodes Aj and Y is started by the potential dif- 
ference (Va + Vs/2) between the electrodes. Thus the 
discharge can be started at a lower voltage than the con- 
ventional potential difference (Va + Vy). This is adjusted 
by applying an obtuse wave in the reset period as de- 
scribed above, causing a weak discharge to occur, and 
thereby not completely eliminating the wall charges on 
the scanning electrode Y to leave some wall charges 
there. In short, when the sum of the voltage correspond- 
ing to the remaining wall charges and the voltage being 
applied reaches the discharge start voltage, the dis- 
charge starts. 

[0274] For this reason, the driving apparatus accord- 
ing to this embodiment requires no power supply for 
generating the voltage -Vy in the address period, unlike 
the prior art. Thus it does not require also the switching 
circuit such as the transistor Tr14 for disconnecting the 
power supply line of the voltage -vy as shown in Fig. 4. 
Furthermore, as clearly when Figs. 45 and 3 are com- 
pared, the driving apparatus according to this embodi- 
ment also requires no power supply for generating the 
non-selection pulse voltage -Vsc in the address period. 
This makes it possible to simplify the circuit construction 
accordingly. 

[0275] After this, in the sustain discharge period, the 
voltages (+Vs/2 and -Vs/2) in opposite phases to each 
other are alternately applied to the common electrode 
X and the scanning electrode Y of each display line to 
make sustain discharges occur, and an image display 
of one subfield is made. 

[0276] During this sustain discharge period, the po- 
tentials of the address electrodes A1 to Am are kept at 
the ground level. In general, the address electrodes A1 
to Am are preferably set at the middle potential between 
the voltages to be applied respectively to the common 
and scanning electrodes X and Y during the sustain dis- 
charge period. For this reason, in the conventional driv- 
ing apparatus as shown in Fig. 3, the address electrodes 
A1 to Am must be set at (Vs/2) that is the middle poten- 
tial between the common and scanning electrodes X 
and Y. Contrastingly in this embodiment, the middle po- 



tential between the common and scanning electrodes X 
and Y is the ground level. Thus it is not required to raise - 
the potentials of the J SJdress electrodes A1 to Am to (Vs/ 
2), and any ciVcuit for that purpose may not be provided. 

5 [0277] Fig. 46 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this fifth embodiment. In Fig. 46, the components hav- 
ing the same functions as those in Fig. 44 are denoted 
by the same references as those in Fig. 44, respectively. 

10 Thus the repetitive descriptions thereof will be omitted. 
[0278] In the above example of Fig. 44, the circuit for 
applying the voltage Vw* is provided on the scanning 
electrode Y side. Contrastingly in the example of Fig. 
46, on the common electrode X side, a switch SW10 

15 with a resistor R3 is provided between the first signal 
line OUTA and the output line OUTC, and a switch SW1 1 
with a resistor R4 and a power supply for a voltage Vwn 
are provided between the first signal line OUTA and the 
ground. 

20 [0279] By turning the switch SW10 ON, the positive 
voltage (+Vs/2) is gradually applied to the common 
electrode X of the load 20 by the function of the resistor 
R3. By turning the switch SW11 ON, the negative volt- 
age (-Vwn) is gradually applied to the common elec- 
ts trade X of the load 20 by the function of the resistor R4. 
[0280] Fig. 47 is a timing chart showing driving wave- 
forms on the common electrode X side by the driving 
apparatus constructed as in Fig. 46, which shows only 
the reset and sustain discharge periods in one subfield. 
30 [0281] Referring to Fig. 47, in reset period, firstly by 
turning the switch SW1 1 ON : the negative voltage (-Vwn) 
is gradually applied to the common electrode X of the 
load 20. At this time, the switches SW2 and SW5 may 
be also turned ON so as to add the voltage (-Vs/2) by 
35 utilizing the charges stored in the capacitor C1 , thereby 
applying the voltage -(Vwn + Vs/2). Next, the switches 
SW11 and SW5 are turned OFF, and the switches SW2 
and SW4 are turned ON, so that the voltage of the com- 
mon electrode X becomes the ground level. Next, by set- 
40 ting the switches SW2, SW4, SW5, and SW11 OFF, and 
the remaining switches SW1, SW3, and SW10 ON, the 
positive voltage (+Vs/2) is gradually applied to the com- 
mon electrode X of the load 20. 

[0282] In the subsequent sustain discharge period, 
45 the switches SW10 and SW11 are not turned ON, and 
the other switches SW1 to SW5 are controlled like the 
above embodiments so as alternately to apply the pos- 
itive and negative voltages (±Vs/2) to the common elec- 
trode X. 

so 

(Sixth Embodiment) 

[0283] Next, the sixth embodiment of the present in- 
vention will be described. 
55 [0284] In this sixth embodiment, a power recovery cir- 
cuit is further provided for the circuit shown in each of 
the above first to fifth embodiments. 
[0285] Fig. 48 is a circuit diagram showing a specific 
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example of construction of a driving apparatus accord- 
ing to this sixth embodiment. In this example of Fig. 48, 
circuits for applying the voltage Vw other than the volt- 
age (Vs/2), like that of the fifth embodiment, are provid- 
ed on both the common electrode X side and the scan- 
ning electrode Y side. Fig. 48 shows a construction for 
driving associated with not only a sustain discharge pe- 
riod but also reset and address periods. In Fig. 48, the 
same references as in Fig. 4 denote the same parts as 
in Fig. 4. 

[0286] Referring to Fig. 48, on the common electrode 
X side, the switches SW1 and SW2 are connected in 
series between the ground (GND) and the power supply 
line of the voltage (Vs/2). The node between the switch- 
es SW1 and SW2 is connected to one terminal of the 
capacitor C1. The switch SW3 is connected between 
GND and the other terminal of the capacitor C1 . 
[0287] The switches SW4 and SW5 are connected in 
series between both terminals of the capacitor C1. The 
node between the switches SW4 and SW5 is connected 
to the common electrode X of the load 20 and the power 
recovery circuit 22. The switch SW9 with the resistor R1 
is connected between the second signal line OUTB and 
the power supply line for generating a write voltage Vw. 
[0288] In the power recovery circuit 22 shown in Fig. 
4, the coils L1 and L2 and the common electrode X (out- 
put line OUTC) of the load 20 are isolated by the diodes 
D7 and D8 connected to the load 20. In this example of 
Fig. 48, however, no such diodes D7 and D8 are provid- 
ed. Besides, in the power recovery circuit 22 shown in 
Fig. 4, the capacitor C2 is connected to the ground. In 
this example of Fig. 48, however, it is connected to the 
second signal line OUTB. 

[0289] On the scanning electrode Y side, the switches 
SWV and SW2' are connected in series between GND 
and the power supply line of the voltage (Vs/2) gener- 
ated by the A/D converter 42 of Fig. 8. The node be- 
tween the switches SW1 1 and S W2' is connected to one 
terminal of a capacitor C4. The switch SW3' is connect- 
ed between GND and the other terminal of the capacitor 
C4. 

[O290] The switch S W4' connected to one terminal of 
the capacitor C4 is connected to the cathode of the di- 
ode D17. The anode of the diode D17 is connected to 
the other terminal of the capacitor C4. The switch SW5' 
connected to the other terminal of the capacitor C4 is 
connected to the anode of the diode D16. The cathode 
of the diode D1 6 is connected to the one terminal of the 
capacitor C4. One terminal of each of the switches SW4 1 
and SW5* respectively connected to the cathode of the 
diode D17 and the anode of the diode D16, is connected 
to the load 20 through a scan driver 31 \ and to a power 
recovery circuit 33. The switch SW9' with the resistor 
R1" is connected between the fourth signal line OUTB' 
and the power supply line for generating a write voltage 
Vw. 

[0291] In the power recovery circuit 33 shown in Fig. 
4, the capacitor C3 is connected to the ground. In this 



example of Fig. 48, however, it is connected to the fourth 
signal line OUTB'. 

[0292] On the scanning electrode Y side, in addition 
to the above-described construction, three transistors 
5 Tr21 to Tr23 and two diodes D16 and D17 are further 
provided. The roles of these transistors Tr21 to Tr23 and 
diodes D16 and D17 were already described in the fifth 
embodiment. Thus the repetitive descriptions thereof 
will be omitted 

70 [0293] Fig. 49 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 48. Fig. 49 shows one of the subfields 
making up one frame. The waveforms shown in Fig. 49 
is almost the same as the waveforms shown in Fig. 45 

is except parts in reset and sustain discharge periods. 
Therefore, only the parts in the reset and sustain dis- 
charge periods will be described. 
[0294] The waveforms of the voltages to be applied 
to the common and scanning electrodes X and Y in the 

20 sustain discharge period shown in Fig. 49 differs from 
those shown in Fig. 45 because of the presence/ab- 
sence of power recovery circuit. That is } since the circuit 
shown in Fig. 44 is provided with no power recovery cir- 
cuit, no L-C resonance occur, so the waveforms as 

25 shown in Fig. 45 appear. 

[0295] When the capacitance of the load 20 is repre- 
sented by Cp, the absolute value of a voltage to be ap- 
plied to the load 20 is represented by V, and the frequen- 
cy when the voltage is applied to the load 20 is repre- 

30 sented by f , the power loss when charging or discharg- 
ing the load 20 is expressed by 2Cp-V 2 f in the prior art 
shown in Fig. 4. Contrastingly in this embodiment, the 
absolute value of a voltage to be applied to the load 20 
is sufficed by half the conventional value, though the f re- 

35 quency when the voltage is applied to the load 20 be- 
comes double. Consequently, the power loss when 
charging or discharging the load 20 is expressed by 
2Cp-(V/2) 2 -(2f). Thus the power loss can be held down 
to half the conventional one. Therefore, even if no such 

*o power recovery circuit is provided, a power saving can 
be achieved in comparison with the prior art. But, by pro- 
viding such a power recovery circuit as shown in the 
sixth embodiment, a more power saving can be 
achieved. 

45 [0296] Referring to Fig. 49, in the reset period, on the 
common electrode X side, firstly, the switches SW2 and 
SW5 are turned ON, and the remaining switches SW1 , 
SW3, SW4, and SW9 are kept OFF. The voltage of the 
second signal line OUTB is thereby lowered to (-Vs/2) 

50 in accordance with the charges stored in the capacitor 
C1. The voltage (-Vs/2) is output on the output line 
OUTC through the switch SW5 to be applied to the com- 
mon electrode X of the load 20. 
[0297] On the scanning electrode Y side, the switches 

55 SWV, SW4\ and SW9' are turned ON, and the remain- 
ing switches SW2\ SW3', and SW5' are kept OFF. By 
this operation, the voltage corresponding to the sum of 
the voltage Vw and the voltage (Vs/2) in accordance 
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with the charges accumulated in the capacitor C4 is ap- 
plied to the output line OUTC*. The voltage (Vs/2 + Vw) 
is applied to the scanning electrode Y of the load 20. At 
this time, the voltage gradually rises by the function of 
the resistor RV in the switch SW9\ 
[0298] Since the potential difference between the 
common and scanning electrodes X and Y thereby be- 
comes (Vs + Vw), the same voltage as that of the full 
write pulse shown in the reset period in Fig. 3 can be 
applied between the common and scanning electrodes 
X and Y. 

[0299] Next, all the switches SW1 to SW5, SW9, SW1 ' 
to SW5\ and SW9' are properly controlled to return the 
voltages being applied to the common and scanning 
electrodes X and Y, to the ground level. The common 
electrode X side and the scanning electrode Y side are 
then made in the states reverse to those described 
above. More specifically, on the common electrode X 
side, the switches SW1 , SW4, and SW9 are turned ON, 
and the remaining switches SW2, SW3, and SW5 are 
turned OFF. At the same time, on the scanning electrode 
Y side, the switches SW2' and SW5' are turned ON, and 
the remaining switches SWT, SW3\ SW4', and SW9' 
are turned OFF. 

[0300] The voltage being applied to the common elec- 
trode X thereby continuously rises from the ground level 
to (Vs/2 + Vw), and the voltage being applied to the 
scanning electrode Y is lowered to (-Vs/2). In every cell, 
the voltage due to the wall charges themselves then ex- 
ceeds its discharge start voltage, and a discharge starts. 
At this time, weak discharges occur by applying the ob- 
tuse wave so that the accumulated wall charges are 
eliminated except part of them. 
[0301] In this reset period, by turning the transistor 
Tr2t ON, the voltage being applied to the scanning elec- 
trode Y may be continuously lowered from the ground 
level to the (-Vs/2) level, as indicated by a dotted line. 
Also the voltage being applied to the common electrode 
X can be continuously lowered from the ground level to 
the (-Vs/2) level, as indicated by another dotted line, if 
the same components as the above transistor Tr21 and 
resistor R2 are provided in parallel with the switch SW5 
on the common electrode X side. 
[0302] Fig. 50 is a timing chart showing a manner of 
power recovery in each of the power recovery circuits 
22 and 33 showing in Fig. 48. On the common electrode 
X side, the switches SW1 and SW3 are turned ON to 
apply the positive voltage (+Vs/2) is applied on the first 
signal line OUTA. When the voltage of the second signal 
line OUTB is at the ground level, the transistor Tr3 in the 
power recovery circuit 22 is turned ON. An L-C reso- 
nance thereby occur with the coil L1 and the capaci- 
tance of the load 20 due to the potential difference be- 
tween the above capacitor C2 and the common elec- 
trode X at the ground level. The charges having been 
recovered in the capacitor C2 are then supplied to the 
load 20 via the transistor Tr3, the diode D3, and the coil 
L1. 



[0303] At this time, on the scanning electrode Y side, 
since the switch SW2' is ON, the current supplied from 
the capacitor C2 through the switch SW3 on the com- 
mon electrode X side to the common electrode X flows 
5 through the diode in the scan driver 3V and the diode 
D16 on the scanning electrode Y side, and then flows 
into the ground through the third signal line OUTA' and 
the switch SW2'. With such a current flow, the voltage 
of the common electrode X gradually rises as shown in 
Fig. 50. By turning the switch SW4 ON near a peak volt- 
age appearing in this resonance, the voltage of the com- 
mon electrode X is clamped to (Vs/2). 
[0304] Next, further on the scanning electrode Y side, 
the transistor Tr15 in the power recovery circuit 33 is 
turned ON. An L-C resonance thereby occur with the 
coil L3 and the capacitance of the load 20 due to the 
potential difference between the voltage of the capacitor 
C3 and the voltage of the scanning electrode Y at the 
ground level. The current supplied from the capacitor 
C1 through the switch SW3 on the common electrode X 
side to the common electrode X via the first signal line 
OUTA and switch SW4, flows through.the diode in the 
scan driver 31 ' and the diode D12 in the power recovery 
circuit 33 on the scanning electrode Y side, and further 
flows through the transistor Tr1 5, the capacitors C3and 
C4, and the switch SW2* into the ground. With such a 
current flow, the voltage of the scanning electrode Y is 
gradually lowered as shown in Fig. 50. At this time, part 
of the charges can be recovered in the capacitor C3. By 
further turning the switch SWS'ON near a peak voltage 
appearing in this resonance, the voltage of the scanning 
electrode Y is clamped to (-Vs/2). 
[0305] Next, in this state, on the scanning electrode 
Y side, the switch SW2' and the transistor Tr16 in the 
power recovery circuit 33 are set ON. An L-C resonance 
thereby occur with the coil L4 and the capacitance of the 
load 20 due to the potential difference between the volt- 
age of the capacitor C3 and the voltage (-Vs/2) of the 
scanning electrode Y The charges recovered in the ca- 
pacitor C3 are then supplied to the load 20 through the 
transistor Tr1 6, the diode D1 3, the coil L4, and the diode 
in the scan driver 31 '. 

[0306] At this time, on the common electrode X side, 
since the switches SW1, SW3, and SW4 are ON, the 
current supplied from the capacitor C3 through the 
switch SW2' and the capacitor C4 on the scanning elec- 
trode Y side to the scanning electrode Y flows through 
the switch SW4 on the common electrode X side, and 
then flows into the ground through the first signal line 
OUTA, the capacitor C1 , and the switch SW3. With such 
a current flow, the voltage of the scanning electrode Y 
gradually rises as shown in Fig. 50. By further turning 
the switch SW4 1 ON near a peak voltage appearing in 
this resonance, the voltage of the scanning electrode Y 
is clamped to the ground level. 
[0307] Next, on the common electrode X side, the 
switches SW1 and SW3 and the transistor Tr4 in the 
power recovery circuit 22 are set ON. An L-C resonance 
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thereby occur with the coil L2 and the capacitance of the 
load 20 due to the potential difference between the volt- 
age of the capacitor C2 and the voltage (Vs/2) of the 
common electrode X. The charges accumulated in the 
load 20 are supplied through the switches SW2' and 
SW4\ and the diode in the scan driver 31' on the scan- 
ning electrode Y side, and the coil L2 and the diode D4 
in the power recovery circuit 22 on the common elec- 
trode X side, and further through the transistor Tr4, the 
capacitor C2 ; and the switch SW3 into the ground. With 
such a current flow, the voltage of the common electrode 
X is gradually lowered as shown in Fig. 50. At this time, 
part of the charges can be recovered in the capacitor 
C2. By turning the switch SW5 ON near a peak vottage 
appearing in this resonance, the voltage of the common 
electrode X is clamped to the ground level. 
[0308] Next, on the common electrode X side, the 
switches SW2 and SW4 are set ON. The voltages of the 
first and second signal lines OUTA and OUTB are there- 
by set at the ground level and the negative voltage (-Vs/ 
2), respectively. On the scanning electrode Y side, the 
switches SWT, SW3\ and SW5' are set ON. The volt- 
ages of the third and fourth signal lines OUTA' and 
OUTB' are thereby swung to (+Vs/2)and the ground lev- 
el, respectively. 

[0309] In this state, on the scanning electrode Y side, 
the transistor Tr16 in the power recovery circuit 33 is 
turned ON. An L-C resonance thereby occur with the 
coil L4 and the capacitance of the load 20 due to the 
potential difference between the voltage of the capacitor 
C3 and the voltage (+Vs/2) of the scanning electrode Y. 
The charges recovered in the capacitor C3 are then sup- 
plied to the load 20 through the transistor Tr1 6, the diode 
D13, the coil L4, and the diode in the scan driver 31 \ 
[0310] At this time, on the common electrode X side, 
since the switches SW2 and SW4 are ON, the current 
supplied from the capacitor C3 through the switch SW3' 
on the scanning electrode Y side to the scanning elec- 
trode Y flows through the switch SW4 on the common 
electrode X side, and then flows into the ground through 
the first signal line OUTA and the switch SW2. With such 
a current flow, the voltage of the scanning electrode Y 
gradually rises as shown in Fig. 50. By further turning 
the switch SW4 1 ON near a peak voltage appearing in 
this resonance, the voltage of the scanning electrode Y 
is clamped to (Vs/2). 

[0311] Next, on the common electrode X side, the 
switch SW2 and the transistor Tr4 in the power recovery 
circuit 22 is set ON. An L-C resonance thereby occur 
with the coi! L2 and the capacitance of the bad 20 due 
to the potential difference between the voltage of the ca- 
pacitor C2 and the voltage of the common electrode X. 
The current supplied from the capacitor C4 through the 
switch SW3* on the scanning electrode Y side and 
through the third signal line OUTA', the switch SW4\ and 
the diode in the scan driver 31 ' to the scanning electrode 
Y, flows through the coil L2 and the diode D4 in the pow- 
er recovery circuit 22, and further flows through the tran- 



sistor Tr4, the capacitors C2 and C1, and the switch 
SW2 into the ground. With such a current flow, the volt- 
age of the common electrode Xjis gradually lowered as 
shown in Fig. 50. At this time, part of the charges can 
s be recovered in the capacitor C2. By further turning the 
switch SW5 ON near a peak vottage appearing in this 
resonance, the voltage of the common electrode X is 
clamped to (-Vs/2). 

[031 2] Next, in this state, on the common electrode X 
10 side, the switch SW2 and the transistor Tr3 in the power 
recovery circuit 22 are set ON. An L-C resonance there- 
by occur with the coil LI and the capacitance of the load 
20 due to the potential difference between fhe voltage 
of the capacitor C2 and the voltage (-Vs/2) of the corn- 
is mon electrode X. The charges recovered in the capac- 
itor C2 are then supplied to the load 20 through the tran- 
sistor Tr3, the diode D3, and the coil L1 
[031 3] At this time, on the scanning electrode Y side, 
since the switches SWV, SW3', and SW4' are ON, the 
20 current supplied from the capacitor C2 and the switch 
SW2 and the capacitor C1 on the common electrode X 
side to the common electrode X flows through the diode 
in the scan driver 31 * and the diode D1 6 on the scanning 
electrode Y side, and then flows into the ground through 
25 the third signal line OUTA', the capacitor C4, and the 
switch SW3'. With such a current flow, the voltage of the 
common electrode X gradually rises as shown in Fig. 
50. By further turning the switch SW4 ON near a peak 
voltage appearing in this resonance, the voltage of the 
^0 common electrode X is clamped to the ground level. 
[0314] Next, on the scanning electrode Y side, the 
switches SWV and SW3* and the transistor Tr15 in the 
power recovery circuit 33 are set ON. An L-C resonance 
thereby occur with the coil L3 and the capacitance of the 
35 load 20 due to the potential difference between the volt- 
age of the capacitor C3 and the voltage (Vs/2) of the 
scanning electrode Y The charges accumulated in the 
load 20 are supplied through the switches SW2 and 
SW4 on the common electrode X side, and through the 
40 diode in the scan driver 31 1 on the scanning electrode Y 
side, and further through the coil L3 and the diode D1 2 
in the power recovery circuit 33, the transistor Tr15, the 
capacitor C3, and the switch SW3', into the ground. With 
such a current flow, the voltage of the scanning elec- 
ts trode Y is gradually lowered as shown in Fig. 50. At this 
time, part of the voltage can be recovered in the capac- 
itor C3. By further turning the switch SW5' ON near a 
peak voltage appearing in this resonance, the voltage 
of the scanning electrode Y is clamped to the ground 
50 level. 

[0315] Fig. 51 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this sixth embodiment. In Fig. 51, the components 
having the same functions as those in Fig. 48 are de- 
55 - noted by the same references as those in Fig. 48, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0316] On the common electrode X side, the driving 
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apparatus shown in Fig. 51 is provided with a power re- 
covery circuit 22 comprising two systems of coils L1 and 
L2, like the driving apparatus shown in Fig. 48- The coils 
L1 and L2 are isolated from the common electrode X of 
the load 20 (output line OUTC) by diodes D7and D8. 
The diodes D18 and D19 respectively connected be- 
tween the coil Lt of the power recovery circuit 22 and 
the second signal line OUTB, and between the coil 12 
and the first signal line OUTA, have the same roles as 
the diodes D16 and D17 on the scanning electrode Y 
side. 

[0317] The power recovery circuit 22 further compris- 
es four diodes D20 to D23 for clamping. The diodes 20 
and 21 are connected in series between the first and 
second signal lines OUTA and OUTB. The node be- 
tween the diodes is connected between the cathode of 
the diode D3 and the coil L1 The diodes 22 and 23 are 
also connected in series between the first and second 
signal lines OUTA and OUTB. The node between the 
diodes is connected between the anode of the diode D4 
and the coil L2. 

[0318] The power recovery circuit 22 shown in Fig. 51 
further comprises two capacitors C2 and C12 for power 
recovery. The capacitor C1 2, which is newly provided in 
this example of Fig. 51, is connected between a com- 
mon terminal of two transistors Tr3 and Tr4, and the first 
signal line OUTA. 

[0319] By the provision of this capacitor C12, when 
the voltage of the first signal line OUTA is to be set at 
the ground level by turning the switch SW2 ON, the pow- 
er of the first signal line OUTA can be recovered or sup- 
plied as it is, in relation to the capacitance of the load 
20, using the capacitor C1 2 without passing through the 
capacitors C1 and C2, thereby decreasing power loss. 
[0320] More specifically, when the power recovery cir- 
cuit 22 comprises only the capacitor C2 as shown in Fig. 
48, power recovery is performed by the manner that a 
current flows in the route of the capacitors C2 and C1 
and the switch SW2. That is, the current flows through 
two capacitors. Contrastingly in case of also providing 
the capacitor C12 as shown in Fig. 51 , power recovery 
is performed by the manner that a current flows in the 
route of the capacitor C1 2 and the switch SW2. That is, 
the current flows through only one capacitor. Conse- 
quently, in case of Fig. 51 , power loss due to the imped- 
ance components caused by capacitors is a little, so the 
power recovery efficiency can be improved. 
[0321] Fig. 52 is a timing chart showing the manner 
of power recovery by the power recovery circuit 22 
shown in Fig. 51. When the switches SW1 and SW3 are 
ON to apply the positive voltage (+Vs/2) to the first signal 
line OUTA, and the second signal line OUTB is at the 
ground level, the voltage of the node between the ca- 
pacitors C2 and C12 is Vs/4. 

[0322] In this state, when the transistor Tr3 in the pow- 
er recovery circuit 22 is turned ON, an L-C resonance 
occurs with the coil L1 and the capacitance of the load 
20 due to the potential difference (Vs/4) between the 



above node between the capacitors C2 and C12, and 
the common electrode X, which is at the ground level. 
The voltage of the common electrode X thereby gradu- 
ally rises as shown in Fig. 52, using the power having 
5 been recovered in the capacitors C2 and CI 2. By turn- 
ing the switch SW4 ON near a peak voltage appearing 
in this resonance, the voltage of the common electrode 
X is clamped to (Vs/2). 

[0323] Further, in this state, when the transistor Tr3 
10 and the switch SW4 are turned OFF, and the transistor 
Tr4 in the power recovery circuit 22 is turned ON, an L- 
C resonance occurs with the coil L2 and the capacitance 
of the load 20 due to the potential difference' (Vs/4) be- 
tween the voltage (Vs/4) of the above node between the 
is capacitors C2 and C12, and the voltage (Vs/2) of the 
common electrode X. The voltage of the common elec- 
trode X is thereby gradually lowered as shown in Fig. 
52. At this time, part of the charges can be recovered in 
the capacitors C2 and C12. By turning the switch SW5 
20 ON near a peak voltage appearing in this resonance, 
the voltage of the common electrode X is clamped to the 
ground level. 

[0324] Next, the switch SW2 is turned ON to set the 
voltages of the first and second signal lines OUTA and 

25 OUTB at the ground level and the negative voltage (-Vs/ 
2), respectively. The voltage of the node between the 
capacitors C2 and C1 2 then becomes (-Vs/4). 
[0325] In this state, when the transistor Tr4 in the pow- 
er recovery circuit 22 is turned ON, an L-C resonance 

30 occurs with the coil L2 and the capacitance of the load 
20 due to the potential difference (Vs/4) between the 
above node between the capacitors C2 and C12, and 
the common electrode X, which is at the ground level. 
The voltage of the common electrode X is thereby grad- 

35 ually lowered as shown in Fig. 52. At this time, part of 
the charges can be recovered in the capacitors C2 and 
C1 2. By turning the switch SW5 ON near a peak voltage 
appearing in this resonance, the voltage of the common 
electrode X is clamped to (-Vs/2). 

40 [0326] Further, in this state, when the transistor TR4 
and the switch SW5 are turned OFF, and the transistor 
Tr3 in the power recovery circuit 22 is turned ON, an L- 
C resonance occurs with the coil L1 and the capacitance 
of the load 20 due to the potential difference (Vs/4) be- 

45 tween the voltage (-Vs/4) of the above node between 
the capacitors C2 and C12, and the voltage (-Vs/2) of 
the common electrode X. The voltage of the common 
electrode X thereby gradually rises as shown in Fig. 52, 
using the power having been recovered in the capaci- 

so tors C2 and C1 2. By turning the switch SW4 ON near a 
peak voltage appearing in this resonance, the voltage 
of the common electrode X is clamped to the ground 
level. 

[0327] In this manner, according to the example of 
55 construction of Fig. 51', by the provision of the two ca- 
pacitors C2 and C12 between the first and second signal 
lines OUTA and OUTB for power recovery, two stages 
of power recovery can be performed with a small circuit 
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construction. Besides, since the Q value of current flow- 
ing each time of power recovery is made small, the ef- 
ficiency of power recovery can be remarkably improved. 
Furthermore, these two capacitors C2 and CI 2 can also 
realize the function of the capacitor C1 , so the capacitor 
C1 may be omitted. 

[0328] The above description is for the construction 
on the common electrode X side. The construction on 
the scanning electrode Y side is similar. More specifi- 
cally, a power recovery circuit 33 on the scanning elec- 
trode Y side comprises four diodes D20' to D23' for 
clamping. The diodes 20' and 21 ' are connected in se- 
ries between the third and fourth signal lines OUTA 1 and 
OUTBV The node between the diodes is connected be- 
tween the anode of a diode D12 and a coil L3. The di- 
odes 22' and 23' are also connected in series between 
the third and fourth signal lines OUTA 1 and OUTB'. The 
node between the diodes is connected between the 
cathode of a diode D1 3 and a coil L4. 
[0329] The power recovery circuit 33 shown in Fig. 51 
further comprises two capacitors C3 and C1 3 for power 
recovery. The capacitor C13, which is newly provided in 
this example of Fig. 51, is connected between a com- 
mon terminal of two transistors Tr15 and Tr16, and the 
third signal line OUTA'. 

[0330] By the provision o1 this capacitor C13, when 
the voltage of the third signal line OUTA' is to be set at 
the ground level by turning the switch SW2* ON, the 
power of the third signal line OUTA' can be recovered 
and supplied as it is, in relation to the capacitance of the 
load 20, using the capacitor C13 without passing 
through the capacitors C4 and C3, thereby decreasing 
power loss. 

[0331] More specifically, when the power recovery cir- 
cuit 22 comprises only the capacitor C2 as shown in Fig. 
48, power recovery is performed by the manner that a 
current flows in the route of the capacitors C2 and C1 
and the switch SW2. That is, the current flows through 
two capacitors. Contrastingly in case of also providing 
the capacitor C12 as shown in Fig. 51, power recovery 
is performed by the manner that a current flows in the 
route of the capacitor C1 2 and the switch SW2. That is, 
the current flows through only one capacitor. Conse- 
quently, in case of Fig. 51, power loss due to the imped- 
ance components caused by capacitors is a little, so the 
power recovery efficiency can be improved. 
[0332] In this driving apparatus shown in Fig. 51 , the 
capacitors C12 and C13 may be omitted (open). Also, 
the capacitors C2 and C3 may be omitted (open). Also, 
the capacitors C1 and C4 may be omitted (open). The 
ratio ot the capacitor C2 to the capacitor C12 may be 
equal to or different from the ratio of the capacitor C3 to 
the capacitor C 1 3. The values of the coils L1 and 12 and 
the values of the coils L3 and L4 may be equal to or 
different from each other. 

[0333] For example : when the coils L1 and L2 have 
different values and the coils L3 and L4 have different 
values, the time of rising and the time of falling of the 



voltage in the L-C resonance can be made to differ from 
each other. More specifically, the smaller the value of a 
coil is, the greater the gradient of rising/falling of the volt- 
age is. For example, the values of the coils L1 and L3 
s used in supplying the recovered power are made small, 
and the values of the coils L2 and L4 used in recovering 
power are made great. By this setting, rising of the volt- 
age in supplying power can be made fast to improve the 
luminance in a plasma display panel, and falling of the 
io voltage in recovering power can be made relatively slow 
to suppress generation of noise. 
[0334] Fig. 53 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this sixth embodiment. In Fig. 53, the components 
is having the same functions as those in Fig. 51 are de- 
noted by the same references as those in Fig. 51 , re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0335] The construction shown in Fig. 53 differs from 
the construction shown in Fig. 51 only in the point of 
absence of the capacitors C1 2 and C1 3, and in the fea- 
ture of connection in relation to the diodes D20 to D23 
and D20' to D23' for clamping. 
[0336] More specifically, in the construction shown in 
Fig. 53, in the power recovery circuit 22 on the common 
electrode X side, the node between the diodes D20 and 
D21 , which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected be- 
tween the cathode of the diode D4 and the transistor 
Tr4. Besides, the node between the diodes D22 and 
D23, which are also connected in series between the 
first and second signal lines OUTA and OUTB, is con- 
nected between the anode of the diode D3 and the tran- 
sistor Tr3. 

[0337] In the power recovery circuit 33 on the scan- 
ning electrode Y side, the node between the diodes D20' 
and D21\ which are connected in series between the 
third and fourth signal lines OUTA 1 and OUTB', is con- 
nected between the anode of the diode D13 and the 
transistor Tr16. Besides, the node between the diodes 
D22" and D23 1 , which are also connected in series be- 
tween the third and fourth signal lines OUTA' and 
OUTB', is connected between the cathode of the diode 
D12 and the transistor Tr15. 

[0338] Fig. 54 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this sixth embodiment. In Fig. 54, the components 
having the same functions as those in Fig. 51 are de- 
noted by the same references as those in Fig. 51, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0339] The construction shown in Fig. 54 differs from 
the construction shown in Fig. 51 only in the point of 
absence of the capacitors C12 and C1 3, and in the fea- 
ture that the coils Li and 12 are not isolated from the 
common electrode X of the load 20 (output line OUTC) 
by using the diodes D7, D8, D18, and D19. 
.[0340] More specifically, In the construction shown in 
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Fig. 54, on the common electrode X side, there are not 
provided the diodes D7, D8, D18, and D19 which are 
provided in the example-of Fig. 51. Thus the coils L1 
and L2 can be directly seen from the common electrode 
X side. Besides, in either of the common electrode X 
side and the scanning electrode Y side, the capacitors 
C1 2 and C1 3 may be provided which are provided in the 
example of Fig. 51. 

[0341] Fig. 55 is a circuit diagram showing another ex- 
ample of constructbn of a driving apparatus according 
to this sixth embodiment. In Fig. 55, the components 
having the same functions as those in Fig. 51 are de- 
noted by the same references as those in Fig. 51 , re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0342] The construction shown in Fig. 55 differs from 
the construction shown in Fig. 51 only in the point of 
absence of the capacitors C1 2 and C1 3 S in the feature 
of connection in relation to the diodes D20 to D23 and 
D20' to D23' for clamping, and in the feature that the 
coils L1 and L2 are not isolated from the common elec- 
trode X of the load 20 (output line OUTC) by using the 
diodes D7 and D8. 

[0343] More specifically, in the construction shown in 
Fig. 55, in the power recovery circuit 22 on the common 
electrode X side, the node between the diodes D20 and 
D21 , which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected be- 
tween the cathode of the diode D4 and the transistor 
Tr4. Besides, the node between the diodes D22 and 
D23, which are also connected in series between the 
first and second signal lines OUTA and OUTB, is con- 
nected between the anode of the diode D3 and the tran- 
sistor Tr3. 

[0344] In the power recovery circuit 33 on the scan- 
ning electrode Y side, the node between the diodes D20' 
and D21\ which are connected in series between the 
third and fourth signal lines OUTA' and OUTB', is con- 
nected between the anode of the diode D1 3 and the 
transistor Tr16. Besides, the node between the diodes 
D22' and D23\ which are also connected in series be- 
tween the third and fourth signal lines OUTA' and 
OUTB', is connected between the cathode of the diode 
D1 2 and the transistor Tr1 5. 

[0345] On the common electrode X side, there are not 
provided the diodes D7, D8, D18, and D19 which are 
provided in the example of Fig. 51. Thus the coils L1 
and L2 can be directly seen from the common electrode 
X side. Besides, in either of the common electrode X 
side and the scanning electrode Y side, the capacitors 
C1 2 and C1 3 may be provided which are provided in the 
example of Fig. 51. 

[0346] Fig. 56 is a circuit diagram showing another ex- 
ample of constructbn of a driving apparatus according 
to this sixth embodiment. In Fig. 56, the components 
having the same functions as those in Fig. 51 are de- 
noted by the same references as those in Fig. 51, re- 
spectively. Thus the repetitive descriptions thereof will 



be omitted. 

[0347] The construction shown in Fig. 56 differs from - 
the constructbn shown in Fig. 51 only irffrie point of 
absence of the capacitors C12 and C13, in the feature 

5 that the power recovery circuit 22 on the common elec- 
trode X side is made up from only one system of the coil 
L1 , and in the feature that the coil L1 is not isolated from 
the common electrode X of the load 20 (output line 
OUTC) by using the diodes D7 and D8. 

10 [0348] More specifically, in the constructbn shown in 
Fig. 56, in the power recovery circuit 22 on the common 
electrode X side, the node between the diodes D20 and 
D21 , which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected be- 

15 tween the cathode of the diode D3 and the coil L1 . The 
coil L2 and the diodes D22 and D23 which are provided 
in the example of Fig. 51 , are not provided in this con- 
structbn shown in Fig. 56. 

[0349] On the common electrode X side, there are not 
20 provided the diodes D7, D8, D1B, and D19 which are 
provided in the example of Fig. 51 . Thus the coil L1 can 
be directly seen from the common electrode X side. Be- 
sides, in either of the common electrode X side and the 
scanning electrode Y side, the capacitors C12 and C13 
2B may be provided which are provided in the example of 
Fig. 51. 

[0350] Since the power recovery circuit 22 is made up 
from only one system of the coil L1 , a simple circuit con- 
struction can be obtained. 

30 [0351] Fig. 57 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this sixth embodiment. In Fig. 57, the components 
having the same functions as those in Fig. 56 are de- 
noted by the same references as those in Fig. 56, re- 

35 spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0352] The construction shown in Fig. 57 differs from 
the construction shown in Fig. 56 only in the feature of 
using four diodes D20 to D23 for clamping in the power 

40 recovery circuit 22 on the common electrode X side, in 
the feature of connection in relation to them, and in the 
feature of connection in relation to the diodes D20' to 
D23 1 on the scanning electrode Y side. 
[0353] More specifically, in the constructbn shown in 

45 Fig. 57, in the power recovery circuit 22 on the common 
electrode Xside, the node between the diodes D20 and 
D21 , which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected be- 
tween the cathode of the diode D4 and the transistor 

so Tr4. Besides, the node between the diodes D22 and 
D23, which are also connected in series between the 
first and second signal lines OUTA and OUTB, is con- 
nected between the anode of the diode D3 and the tran- 
sistor Tr3. The construction on the scanning electrode 

55 Y side is quite the samte as that in Fig. 53. 

[0354] Fig. 58 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this sixth embodiment. In Fig. 58, the components 
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having the same functions as those in Fig. 51 are de- 
noted by the same references as those in Fig. 51 , re- 
spectively. Thus the repetitive descriptions thereof wills 
be omitted. Fig. 58 only shows the construction on the 
scanning electrode Y side as a representative. 
[0355] In the construction shown in Fig. 58, a switch 
SW4" serves as both the switch SW4' and the transistor 
Tr22 in Fig. 51. Besides, a switch SW5" serves as both 
the switch SW5' and the transistor Tr23 in Fig. 51 . Fur- 
ther, the switches SW1 2 and SW1 3 making up the scan 
driver 31', serve as the transistors Tr1 6 and Tr15 in Fig. 
51, respectively. 

[0356] On the scanning electrode Y side, by control- 
ling changeover of the switches including those switch- 
es SW4", SW5", SW12, and SW13 at proper timings, 
the negative voltage (-Vs/2) in the address period shown 
in Fig. 45, and the positive and negative voltages (±Vs/ 
2) repeating alternately in the sustain discharge period 
can be generated. 

[0357] For example, the negative voltage (-Vs/2) in 
the address period can be applied to the scanning elec- 
trode Y by turning the switch SW4 n (transistor Tr22) and 
the switch SW5" (transistor Tr23) ON. More specifically, 
turning the transistor Tr22 ON causes the third signal 
line OUTA* to be at the ground level, and turning the tran- 
sistor Tr23 ON causes the fourth signal line OUTB' to 
be at the (-Vs/2) level. As a result, the negative voltage 
(-Vs/2) is applied to the load 20 through the output line 
OUTC. 

[0358] The positive and negative voltages (±Vs/2) to 
the scanning electrode Y in the sustain discharge period 
can be generated by the switching operation shown in 
Fig. 59, which will be described next. 
[0359] Fig. 59 is a timing chart showing an example 
of control for generating driving waveforms to the scan- 
ning electrode Y in a sustain discharge period by the 
driving apparatus shown in Fig. 58. 
[0360] At first, the switches SWV, SW3', and SW12 
(transistor Tr16) are turned ON. An L-C resonance 
thereby occurs between the capacitance of the load 20 
and the coil L3. The voltage then gradually rising is ap- 
plied to the scanning electrode Y through the output line 
OUTC*. Next, the switch SW4" (switch SW4') is turned 
ON near a peak voltage appearing in the resonance, so 
that the voltage being applied to the scanning electrode 
Y clamped to (+Vs/2). 

[0361] Next, while the switches SWV and SW3' are 
kept ON, the switches SW4" and SW12 are turned OFF, 
and the switch SW13 (transistor Tr1 5) is turned ON. The 
charges stored in the capacitance of the load 20 are 
thereby drawn through the switch SW13, and the volt- 
age of the scanning electrode Y is gradually lowered due 
to the L-C resonance between the capacitance of the 
load 20 and the coil L3. The switch SW5" (switch SW5') 
is then turned ON near a peak voftage appearing in the 
resonance, so that the voltage being applied to the scan- 
ning electrode Y is clamped to the ground level. 
[0362] Next, all the switches are once set OFF, and 



then the switch SWZ is turned ON, thereby swinging the 
voltage of the third signal line OUTA' from (+Vs/2) to the 
ground level L and the voltage of the fourth signal line 
OUTB' from the ground level to (-Vs/2). 

5 [0363] At the same time when the switch SW2' is 
turned ON, the switch SW13 (transistor Tr15) is turned 
ON. The voltage of the scanning electrode Y is gradually 
lowered toward the negative voltage (-Vs/2) by the L-C 
resonance between the capacitance of the load 20 and 

10 the coil L3. After this, by turning the switch SW5" (switch 
SW5') ON near a peak voftage appearing in the reso- 
nance, the voltage being applied to the scanning elec- 
trode Y is clamped to (-Vs/2). 

[0364] Next, while the switch SW2' is kept ON, the 
switches SW5" and SW13 are turned OFF, and the 
switch SW1 2 (transistor Tr1 6) is turned ON. The voltage 
of the scanning electrode Y is thereby gradually raised 
due to the L-C resonance between the capacitance of 
the load 20 and the coil L3. The switch SW4" (switch 

20 SW4') is then turned ON near a peak voltage appearing 
in the resonance, so that the voltage being applied to 
the scanning electrode Y is clamped to the ground level. 
[0365] As described above, according to the driving 
apparatus with the construction shown in Fig. 58, the 

25 switching elements necessary for driving in the address 
period serve as the switching elements necessary for 
driving in the sustain discharge period. Thus the number 
of elements can be decreased: and a simple circuit can 
be obtained. 

30 [0366] Fig. 60 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this sixth embodiment. In Fig. 60, the components 
having the same functions as those in Fig. 48 are de- 
noted by the same references as those in Fig. 48, re- 

35 spectively. Thus the repetitive descriptions thereof will 
be omitted. Fig. 61 is a timing chart showing an example 
of control of each switch for generating driving wave- 
forms to the scanning electrode Y in scanning and sus- 
tain discharge periods, in the driving apparatus shown 

40 jn Fig. 60. Figs. 60 and 61 are for comparing the present 
invention with the prior art shown in Figs. 5 and 7. 
[0367] In the scanning period, the switch SW2' on the 
scanning electrode Y side is turned ON to set the voltage 
of the third signal line OUTA' at the ground level. The 

45 voltage of the fourth signal line OUTB' is thereby set at 
(-Vs/2) with the charges of (C4 X Vs/2) accumulated be- 
forehand in the capacitor C4. By turning the transistors. 
Tr22 and Tr23 ON, the voltage (Vs/2) is applied between 
both terminals of the scan driver 31 ', and the scan pulse 

50 of (-90 V) is applied to one scanning electrode Y like in 
Fig. 7. 

[0368] On the common electrode X side, by turning 
beforehand the switch SW9 ON, the voltage of the sec- 
ond signal line OUTB is set at Vx (50 V), and the voltage 
55 of the first signal line OUTA is set at (Vx + Vs/2 = 140 
V) with the charges of (C1 X Vs/2) accumulated in the 
capacitor C1 . By turning the switch SW4 ON, the poten- 
tial difference between the common and scanning elec- 
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trode X and Y in the scan pulse becomes (Vx + Vs/2) + 
Vs/2 = 230 V. 

[03&f At this time, since the voltage difference (Vs/ 
2) between the first and second signal lines OUTA and 
OUTB is applied to the FETs (switches SW4 and SW5) 
for treating the above discharge current, the breakdown 
voltage of each of the FETs is sufficed by Vs/2 or more. 
This shows that the potential difference 230 V between 
the electrodes X and Y in the scan pulse shown in Fig. 
7 can be realized by the low-voltage circuit according to 
this embodiment. 

[0370] Since the voltage Va of the address electrode 
A is 60 V and the scan pulse voltage of the scanning 
electrode Y is (-Vs/2 = -90 V), the potential difference 
between the address and scanning electrodes A and Y 
in the address period is 150 V. This potential difference 
is less than the potential difference 240 V between the 
address and scanning electrodes A and Y shown in Fig. 
7. In this relation, in the subsequent reset period, wall 
charges can easily be accumulated in the dielectric layer 
on the address electrode A. In the reset period, the wall 
charges of 240 V - 150 V = 90 V are accumulated. By 
the above manner, the same operation as that in Fig. 7 
is performed. 

[0371] The operation in sustain discharge period is 
the same as that shown in Fig. 49, and the potential dif- 
ference between the first and second signal lines OUTA 
and OUTB is always Vs/2. Since the switches S W4 and 
SW5, or SW4' and SW5' for exchanging the gas dis- 
charge current shown in Fig. 60 are disposed within the 
first and second signal lines OUTA and OUTB, or the 
third and fourth signal lines OUTA* and OUTB', the 
breakdown voltage of the FET making up each of the 
switches is sufficed by Vs/2 or more. 
[0372] In this manner, since the breakdown voltage of 
each FET is held down to half the conventional value, 
the ON resistance of the FET can be considerably re- 
duced. Consequently, the number of elements can be 
considerably reduced though the prior art requires a 
number of FETs provided in parallel for realizing a stable 
gas discharge. Besides, the unit cost of element itself 
can be reduced because of its low breakdown voltage. 
Further, the high-voltage power supply required for driv- 
ing is sufficed by two kinds of Vs/2 (90 V) and Vx (50 V). 
This makes it possible to omit some power supplies. It 
should be noted that the cost of the additional circuit ac- 
cording to this embodiment is substantially the same as 
that of the A/S separation circuit used in the prior art 
shown in Fig. 5. Therefore, with the above-described 
construction, an inexpensive PDP can be realized. 
[0373] The above-described embodiment is provided 
with a power recovery circuit. Since the power in case 
of no power recovery circuit is proportional to Cp-V 2 ^ , 
the power loss can be held down to half the conventional 
one. Therefore, such a power recovery circuit can be 
omitted. Fig. 62 shows a circuit with no power recovery 
circuit. The output waveforms in sustain discharge pe- 
riod are the same as those shown in Fig. 21 . The output 



waveforms in line-sequential scanning period are the 
same as those shown in Fig. 61 . 
[0374] When the poffirlr recovery circuit is provided, a 
circuit (the switches SW4' and SW5' shown in Fig. 60) 

5 is required for clamping to the power supply after out- 
putting the L-C resonance voltage, as shown in Fig. 60. 
But, since the power recovery circuit can be omitted, 
charging and discharging currents and a gas discharge 
current can be made to flow to the load capacitance Cp 

io through the FETs of the scan driver comprising only the 
switches SW4' and SW5' shown in Fig. 62. In sustain 
discharge period, the switch SW4' is turned ON when 
the voltage of the third signal line OUTA* is' applied to 
the scanning electrode Y, and the switch SW5' is turned 

15 ON when the voltage of the fourth signal line OUTB' is 
applied to the scanning electrode Y 
[0375] As for the operation on the scanning electrode 
Y side in line-sequential scanning period, by turning the 
switch SW2' ON, the voltages of the third and fourth sig- 

20 nal lines OUTA' and OUTB' are set at the ground level 
and (-Vs/2), respectively. The voltages of both terminals 
of the scan driver are thereby set at the ground level and 
(-Vs/2), respectively. In scanning, the scan pulse volt- 
age (-Vs/2) is output to the scanning electrode Y. 

25 [0376] As described above, by omitting the power re- 
covery circuit, in addition to the above-described effects 
according to the construction shown in Fig. 60, the 
number of circuits can be reduced more. This makes it 
possible to realize a PDP at a more reduced cost. 

30 

(Seventh Embodiment) 

[0377] Next, the seventh embodiment of the present 
invention will be described. 

35 [0378] In this seventh embodiment, a circuit for apply- 
ing a voltage for the address period, the reset period, or 
scan from each independent power supply through 
switching elements, is further provided for the circuit 
shown in each of the above first to sixth embodiments. 

40 [0379] Fig. 63 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this seventh embodiment. Fig. 63 shows a con- 
struction for driving associated with not only a sustain 
discharge period but also reset and address periods. In 

^5 Fig. 63, the components having the same functions as 
those in Fig. 12 or 42, etc., are denoted by the same 
references as those in Fig. 12 or 42, etc., respectively. 
Thus the repetitive descriptions thereof will be omitted. 
[0380] Referring to Fig. 63, on the common electrode 

50 x side, a switch SW8 is provided between the power 
supply line for generating a voltage Vx, and the second 
signal line OUTB. On the scanning electrode Y side, a 
switch SW9' is provided between the power supply line 
for generating the voltage Vw, and the fourth signal line 

55' OUTB'. 

[0381] Fig. 64 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 63. Fig. 64 shows one of the subfields 
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making up one frame. The waveforms shown in Fig. 64 
is almost the same as the waveforms shown in Fig. 45 
except the magnitude of the positive-voltage applied to 
the common electrode X in the reset and address peri- 
ods. 

[0382] In the example of Fig. 64, to apply the positive 
voltage to the common electrode X in the reset period, 
the switches SW1 , SW3, SW4, and SW8 are turned ON, 
and the switch SW2 is kept OFF. The voltage of the out- 
put line OUTC is thereby raised to the voltage level cor- 
responding to the sum of the voltage (Vs/2) applied to 
the first signal line OUTA through the switch SW1, and 
the voltage Vx applied to the second signal line OUTB 
through the switch SW8. The voltage (Vs/2 + Vx) is ap- 
plied to the common electrode X of the load 20. 
[0383] This is the same in case of applying the voltage 
(Vs/2 + Vx) to the common electrode X in the address 
period. 

[0384] Fig. 65 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this seventh embodiment. In Fig. 65, the components 
having the same f unctbns as those in Fig. 63 or 5 1 , etc. , 
are denoted by the same references as those in Fig. 63 
or 51, etc., respectively. Thus the repetitive descriptions 
thereof will be omitted. 

[0385] Referring to Fig. 65, on the common electrode 
X side, the same switch SW8 as that shown in Fig. 63 
is connected. But, the voltage of the power supply line 
connected to the switch SW8 in Fig. 65 is Vx* which is 
higher than the voltage Vx shown in Fig. 63. This power 
supply voltage Vx' is equal to, e.g. the voltage (Vs/2 + 
Vx) applied to the load 20 in reset period. 
[0386] On the scanning electrode Y side, a switch 
SW1 B is connected between the third signal line OUTA* 
and the ground. A switch SW1 9 is connected between 
the fourth signal line OUTB' and the power supply line 
for generating the voltage (-Vy). These switches SW18 
and SW1 9 also serve as transistors Tr22 and Tr23, re- 
spectively. A transistor Tr21 is connected through a re- 
sistor R2 to the power supply line of a voltage (-Vn). 
[0387] According to this example of construction 
shown in Fig. 65, by switching control of the above 
switches SW8, SW9', SW18, and SW19 in addition to 
the switches SW1 to SW5 and SWV to SW5* at proper 
timings, minute voltage adjustments in relation to vari- 
ous pulses necessary in reset and address periods, can 
be performed using elements with lower breakdown 
voltages than those of the prior art thereby obtaining a 
more sure display performance. This will be described 
with reference to a timing chart shown in Fig. 66. 
[0388] Fig. 66 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 65. Fig. 66 shows one of the subfields 
making up one frame. The waveforms shown in Fig. 66 
is almost the same as the waveforms shown in Fig. 64 
except the voltage value applied in reset period, the 
pulse waveforms in sustain discharge period, and the 
voltage value of the scan pulse. The difference in pulse 



waveforms in sustain discharge period is due to pres- 
ence/absence of power recovery circuit. The detail - 
thereof was already described, so the repetitive descrrp--; 
tion will be omitted. 

s [0389] In reset period, firstly, the voltage (-Vs/2) is ap- 
plied to the common electrode X side of the load 20, and 
the voltage Vw* (= Vs/2 + Vw) is gradually applied to the 
scanning electrode Y side. The potential difference be- 
tween the common and scanning electrodes X and Y 

io thereby becomes (Vs + Vw). Thus the potential differ- 
ence equal to the full write pulse in the reset period can 
be applied between the common and scanning elec- 
trodes X and Y. To this, the operation is the same as that 
in Fig. 64. 

is [0390] After this, on the scanning electrode Y side, the 
switches SW1\ SW3\ SW4\ SW5\ and SW9" are set 
OFF, and the switch SW2' and the transistor Tr21 are 
set ON. 

[0391] On the common electrode X side, the switches 

20 SW5 and SW4 are respectively turned OFF and ON so 
that the voltage of the common electrode X becomes the 
ground level. At this time, the switch SW 2 is ON. After 
this, on the common electrode X side : the switch SW2 is 
turned OFF, and the switches SW5 and SW8 are turned 

25 ON, so that the voltage being applied to the common 
electrode X is raised from the ground level to Vx" (= Vs/ 
2 + Vx). On the scanning electrode Y side, by turning the 
transistor Tr21 ON as described above, the voltage be- 
ing applied to the scanning electrode Y is gradually low- 

30 ered to (-Vn). The absolute value of the voltage (-Vn) is 
slightly less than, e.g., the absolute value of (-Vs/2). The 
quantity of wall charges to be left in a cell due to a weak 
discharge by applying an obtuse wave can be controlled 
with this voltage value. After this, the common and scan- 

35 ning electrodes X and Y are set at the ground level by 
proper switching control. By provision of the switch 
SW1 9 capable of independently setting the voltage of the 
scan pulse in address period with the (-Vy) power supply, 
more sure display performance can be obtained. 

40 

(Eighth Embodiment) 

[0392] Next, the eighth embodiment of the present in- 
vention will be described. 
45 [0393] In this eighth embodiment, driver circuits cor- 
responding to the driver circuit on one side according to 
any of the above-described first to seventh embodi- 
ments, for applying voltages to loads 20, are provided 
in the form of an LSI such as a scan driver circuit. 
so [0394] Fig. 67 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this eighth embodiment. In Fig. 67, the compo- 
nents having the same functions as those in Fig. 9, are 
denoted by the same references as those in Fig. 9, re- 
55 spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0395] Referring to Fig. 67, the driver circuit 51 ' on the 
•scanning electrode Y side is made as part of an LSI such 
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as a scan driver circuit. That is, such-a driver circuit 5V 
is provided for every display line of the PDR Namely, 
there are provided the same numbers of switches SW4' 
and SW5' as the number of display lines. 
[0396] Contrastingly, the driver circuit 44 on the com- 
mon electrode X side is provided in common for all dis- 
play lines of the PDR like the power supply circuit 43. 
[0397] In this construction, at least on the scanning 
electrode Y side, by switching control of the switches 
SW4' and SW5' provided for each display line, in the 
sustain discharge period, the voltage to be applied to 
the display line can be controlled individually. Besides, 
the transistors Tr22 and Tr23 in the above-described 
embodiments, which are the switching elements for ap- 
plying the voltage (-Vs/2) in the address period, can be 
omitted. 

[0398] Fig. 68 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this eighth embodiment. In Fig. 68, the components 
having the same functions as those in Fig. 67 : are de- 
noted by the same references as those in Fig. 67, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0399] In the construction shown in Fig. 68, the driver 
circuit 51 ' on the scanning electrode Y side is made as 
part of an LSI such as a scan driver circuits. Besides, 
the switch SW8 connected to the power supply line of 
the voltage Vx' and the switch SW9' connected to the 
power supply line of the voltage Vw are provided on the 
common electrode X side and the scanning electrode Y 
side, respectively. On the scanning electrode Y side, the 
transistors Tr22 and Tr23 are omitted. 
[0400] Fig. 69 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown -in Fig. 68. Fig. 69 shows one of the subfields 
making up one frame. The waveforms shown in Fig. 69 
is almost the same as the waveforms shown in Fig. 64. 
These waveforms are generated by controlling ON/OFF 
of the switches SW1 to SW5, SW8, SWV to SW3', and 
SW9', which are provided in common for all display 
lines, and the switches S W4* and S W5' in the scan driver 
51 ' for a display line i, at proper timings. 
[0401] In either of the constructions shown in Figs. 67 
and 68, the area for mounting circuit parts can be con- 
siderably reduced. This makes it possible to realize a 
small device and a reduced cost in manufacturing. 
[0402] In the examples of Figs. 67 and 68, both the 
switches SW4' and SW5' are disposed at such positions 
as shown in the first embodiment, i.e., within the driver 
circuit/Alternatively, the switch SW4' can be disposed 
at such a position as shown in the second embodiment, 
i.e., within the power supply circuit. Or, the switch SW5* 
can be disposed at such a position as shown in the third 
embodiment, i.e., within the power supply circuit. The 
switch SW5' in the second embodiment or the switch 
SW4' in the third embodiment can be constructed by an 
LSI such as a scan driver circuit. 
[0403] In this case, even in the driver circuit with an 



LSI structure by a scan driver, the switch necessary for 
each display line may be either the switch SW4' or SW5\ 
Thus the total number of switches can be considerably 
decreased, thereby reducing the circuit scale and cost. 

5 

(Ninth Embodiment) 

[0404] Next, the ninth embodiment of the present in- 
vention will be described. In this ninth embodiment, the 
io driver circuit on eitherside forapplying voltages toa load 
20, i.e., either of the driver circuits on the common elec- 
trode X side and the scanning electrode Y side is made 
as part of an LSI such as a scan driver circuit. 
[0405] Fig. 70 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this ninth embodiment. In Fig. 70, the components 
having the same functions as those in Fig. 9 or 67, are 
denoted by the same references as those in Fig. 9 or 
67, respectively. Thus the repetitive descriptions thereof 
will be omitted. 

[0406] Referring to Fig. 70, the driver circuit 51 on the 
common electrode X side is made as part of an LSI such 
as a scan driver circuit. That is : unlike the power supply 
circuit 43, which is a common circuit for all display lines 
provided in the PDR such a driver circuit 51 is provided 
for every display line. Namely, there are provided the 
same numbers of switches SW4 and SW5 as the 
number of display lines. 

[0407] Also the driver circuit 51 ' on the scanning elec- 
trode Y side is made as part of an LSI such as a scan 
driver circuit That is, unlike the power supply circuit 43', 
which is a common circuit for all display lines provided 
in the PDP, such a driver circuit 51' is provided for every 
display line. Namely, there are provided the same num- 
bers of switches SW4' and SW5' as the number of dis- 
play lines. 

[0408] In this construction, in both of the common 
electrode X side and the scanning electrode Y side, by 
switching control of the switches SW4, SW5, SW4', and 
SW5' provided for each display line, in the sustain dis- 
charge period, the voltage to be applied to the display 
line can be controlled individually. Besides, on the scan- 
ning electrode Y side, the transistors Tr22 and Tr23 in 
the above-described embodiments, which are the 
switching elements for applying the voltage (-Vs/2) in 
the address period, can be omitted. 
[0409] Fig. 71 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this ninth embodiment. In Fig. 71, the components 
having the same functions as those in Fig. 70 or 63, are 
denoted by the same references as those in Fig. 70 or 
63, respectively. Thus the repetitive descriptions thereof 
will be omitted. 

[0410] In the construction shown in Fig. 71 , the driver 
circuits 51 and 51 ' onthe common electrode X side and 
the scanning electrode Y side are respectively made as 
parts of LSIs such as scan driver circuits. Besides, the 
switch SW8 connected to the power supply line of the 
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voltage Vx' and the switch SW9' connected to the power 
supply line of the voltage Vw are provided on the com- 
mon electrode X§jde and the scanning electrode Y side, 
respectively. On the scanning electrode Y side, the tran- 
sistors Tr22 and Tr23 are omitted. 
[0411] Fig. 72 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 71. Fig. 72 shows one of the subfields 
making up one frame. The waveforms shown in Fig. 72 
is almost the same as the waveforms shown in Fig. 69. 
These waveforms are generated by controlling ON/OFF 
of the switches SW1 to SW3, SW8, SWV to SW3\ and 
SW9\ which are provided in common for all display 
lines, and the switches SW4, SW5, SW4\ and SW5' in 
the scan drivers 51 and 51 1 for a display line j, at proper 
timings. 

[0412] In eitherof the constructions shown in Figs. 70 
and 71, the heat which is otherwise generated in a con- 
centrative manner due to the power consumption in the 
common circuit part, can be dispersed, thereby realizing 
a stable circuit operation. Besides, the degree of free- 
dom of control in relation to each display line can be 
improved. 

[0413] In either of Figs. 70 and 71, all the switches 
SW4, SW5, SW4', and SW5' are disposed at such po- 
sitions as shown in the first embodiment, i.e., within the 
driver circuits. Alternatively, the switches SW4 and SW4' 
can be disposed at such positions as shown in the sec- 
ond embodiment, i.e., within the power supply circuits. 
Or, the switches S W5 and SW5' can be disposed at such 
positions as shown in the third embodiment, i.e., within 
the power supply circuits. 

[0414] In this case, even in the driver circuits with LSI 
structures by scan drivers, on either the common elec- 
trode X side or the scanning electrode Y side, the switch 
necessary for each display line may be any one of the 
switches SW4 or SW4' and SW5 or S W5'. Thus the total 
number of switches can be considerably decreased, 
thereby reducing the circuit scale and cost. 

(Tenth Embodiment) 

[0415] Next, the tenth embodiment of the present in- 
vention will be described. 

[0416] In the above-described embodiments, eitherof 
the power supply voltages on the common electrode X 
side and the scanning electrode Y side is (+Vs/2), and 
the voltages in opposite phases are applied to the elec- 
trodes X and Y to apply the difference voltage Vs be- 
tween both terminals of the load 20. That is, when the 
power supply voltages on the common electrode X side 
and the scanning electrode Y side are respectively rep- 
resented by V1 and V2, Vt = V2. Contrastingly in this 
tenth embodiment, voltages of V1 < V2 or V1 > V2 are 
used as the power supply voltages on the common elec- 
trode X side and the scanning electrode Y side. 
[0417] Fig. 73 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 



ing to this tenth embodiment. In Fig. 73, the components 
having the same functions as those in Fig. 30, are de- 
noted by the same references as4ftose in Fig. 30, re- 
spectively. Thus the repetitive descriptions thereof will 
5 be omitted. 

[0418] The example of Fig. 73 differs from the exam- 
ple of Fig. 30 on the following point. In the first embod- 
iment, the voltage (Vs/2) is applied to either of the power 
supply circuits 43 and 43* on the common electrode X 
side and the scanning electrode Y side (V1 = V2 = Vs/ 

2) . Contrastingly in this tenth embodiment, voltages (Vs/ 

3) and (2Vs/3) are respectively applied to the power sup- 
ply circuits 43 and 43' on the common electrode X side 
and the scanning electrode Y side (V1 = Vs/3 and V2 = 
2Vs/3). The other features are the same as those of the 
first embodiment. 

[0419] According to this tenth embodiment with such 
a construction, the absolute value of the voltage being 
applied to the power supply circuit 43 and the driver cir- 
cuit 44 on the common electrode X side is Vs/3 at most. 
Thus the breakdown voltage of each element provided 
in those circuits can be set at Vs/3, so the breakdown 
voltage can be held down to 1/3 the conventional value. 
[0420] Besides, the absolute value of the voltage be- 
ing applied to the power supply circuit 43' and the driver 
circuit 44' on the scanning electrode Y side is 2Vs/3 at 
most. Thus the breakdown voltage of each element pro- 
vided in those circuits can be set at 2Vs/3, so the break- 
down voltage can be held down to 2/3 the conventional 
value. This makes it possible to use inexpensive small 
elements and so realize simplification in circuit construc- 
tion and reduction of manufacturing cost. 
[0421] For example, in case that the driver circuit on 
the common electrode X side is provided in common for 
all display lines of the PDP, and driver circuits on the 
scanning electrode Y side are provided as an LSI for the 
respective display lines of the PDP, the heat attendant 
upon power consumption on the scanning electrode Y 
side is dispersed to each display line, but the heat on 
the common electrode X side concentrates in one place, 
where a great deal of heat is generated. Thus, By ap- 
plying the voltages to the common and scanning elec- 
trodes X and Y in relation of V1 < V2, the problem that 
the heat on the common electrode X side concentrates 
can be relieved. 

[0422] Besides, as described before, the power loss 
when charging or discharging the load 20 is expressed 
by 2Cp-V 2 -f, i.e., proportional to the square of the mag- 
nitude of the applied voltage. Thus, in one of the com- 
mon electrode X side and the scanning electrode Y side 
to which the lower voltage V is applied, the power loss 
can be fully held down, so no power recovery circuit may 
be provided. For this reason, it is also possible to provide 
a power recovery circuit on only one of the common 
electrode X side and'the scanning electrode Y side. 
[0423] Besides, by making the voltages on the com- 
mon electrode X side and the scanning electrode Y side 
differ, either of the voltages on the common electrode X 
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side and the scanning electrode Y side in reset period 
can be controlled properly. 

[0424] Fig. 74 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 73. Fig. 74 shows one of the subfields 
making up one frame. Fig. 74 also shows a state that 
the voltage Vw is applied by making control of a switch 
(not shown in Fig. 73), which is exclusively used for the 
voltage. The basic forms of the driving waveforms 
shown in Fig. 74 are the same as those in Fig. 49, which 
were already described, but the amplitudes are differ- 
ent. 

[0425] According to the timing chart of Fig. 74, the 
breakdown voltages of the elements provided in the 
power supply circuit 43 and the driver circuit 44 on the 
common electrode X side can respectively be Vs/3 + Vw 
and Vs/3, so the breakdown voltage can be held down 
in comparison with the value in previously-considered 
apparatus. Besides, the breakdown voltages of the ele- 
ments provided in the power supply circuit 43* and the 
driver circuit 44* on the scanning electrode Y side can 
respectively be 2Vs/3 + Vw and 2Vs/3, so the break- 
down voltage can be held down in comparison with the 
value in previously-considered apparatus also on this 
side. 

[0426] Fig. 75 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this tenth embodiment. In Fig. 75, the components 
having the same functions as those in Fig. 73, are de- 
noted by the same references as those in Fig. 73, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0427] In this example otFig. 75, the voltages V2 and 
VI to be applied to the power supply circuits 43* and 43 
on the scanning electrode Y side and the common elec- 
trode X side are kVs and IVs, respectively (V1 + V2 = 
nVs). The other features are quite the same as those in 
Fig. 73. For example, when it is wanted to apply a high 
voltage between the common and scanning electrodes 
X and Y in order to improve the luminescence efficiency 
of a gas discharge, it is also possible that V1 = V2 = Vs 
(V1 + V2 = 2Vs). In this case, with each element in the 
driving apparatus having the same breakdown voltage 
as in previously-considered apparatus, a higher differ- 
ence voltage can be applied between the common and 
scanning electrodes X and Y 

[0428] In PDP, the voltage Vs to be applied between 
the common and scanning electrodes X and Y in sustain 
discharge period, is 1 50 to 1 90 V in general. This voltage 
is determined by the kind of gas charged within the PDP, 
the material of electrodes, the gap between the common 
and scanning electrodes X and Y, etc. The display lumi- 
nance of PDP is determined by how many times the volt- 
age Vs is applied between the common and scanning 
electrodes X and Y in sustain discharge period to make 
a gas discharge occur. The power required for a gas dis- 
charge in applying the voltage Vs each time is deter- 
mined by the kind of gas, the material of electrodes, the 



gap between the electrodes, etc., as described above. 
The ratio of the luminance to a unit of power is called - 
luminescence efficiency. 

[0429] In PDP, there is a request to obtain a high lu- 
5 minance with a little power. If the kind of gas, the material 
of electrodes, the gap between the electrodes, etc., are 
selected in orderto meetthe request, i.e., for increasing 
the luminescence efficiency, the voltage Vs becomes 
high. As a result, the breakdown voltage of the circuit 
10 becomes high, resulting in a high cost. Contrastingly, ac- 
cording to this embodiment, without raising the break- 
down voltage, the high voltage can be applied with the 
same breakdown voltage as in previously-considered 
apparatus, and the luminescence efficiency can be In- 
1S creased. 

(Eleventh Embodiment) 

[0430] Next, the eleventh embodiment of the present 

20 invention will be described. This eleventh embodiment 
is to give specific examples of the above tenth embod- 
iment, in which V1 = 0 and V2 = Vs, or V1 = Vs and V2 
= 0, and the driving waveforms in the sustain discharge 
period are applied through one of the common and 

25 scanning electrodes X and Y 

[0431] Fig. 76 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this eleventh embodiment. In Fig. 76, the compo- 
nents having the same functions as those in Fig. 48, are 

30 denoted by the same references as those in Fig. 48, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. The example of Fig. 76 differs from the ex- 
ample of Fig. 48 only in the feature that the power supply 
voltage to which the switches SW1 and SWV are con- 

35 nected, is Vs in Fig. 76 though it is Vs/2 in Fig. 48. 
[0432] Fig. 77 is a timing chart showing an example 
of driving waveforms in a sustain discharge period by 
the driving apparatus shown in Fig. 76. In this example 
of Fig. 77, the driving waveforms on the common elec- 

40 trode X side is the same as those shown in Fig. 50 ex- 
cept the feature that the level of the voltage to be swung 
is Vs. Thus the repetitive description will be omitted. 
[0433] On the scanning electrode Y side, the switches 
SWV, SW3\ and SW5' are kept ON, and the switches 

45 SW2' and SW4' and the transistors Tr15 and Tr1 6 in the 
power recovery circuit 33 are kept OFF all during the 
execution of the series of switching operations on the 
common electrode X side. The voltage being applied to 
the scanning electrode Y is thereby always kept at zero 

50 (the ground level) through the switch SW3\ Alternative- 
ly, the reverse manner can also be employed in which 
the switches SW2' and SW4' are kept ON and the 
switches SW1 \ SW3', and SW5' are kept OFF to keep 
the voltage being applied to the scanning electrode Y at 

55 zero. 

[0434] In this manner, when the voltage on the scan- 
ning electrode Y side is fixed to the ground level, and 
.Vs is used as a power supply voltage for the common 
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electrode X side, the power loss on the common elec- 
trode X side becomes great in comparison with the 
^above-described embodiments in which (Vs/2) is used 
as the power supply voltage. Thus ; at least on the com- 
mon electrode X side, such a power recovery circuit 22 
is preferably provided. 

[0435] As described above, by fixing the voltage of 
one electrode (scanning electrode Y) when the voltage 
of the other electrode (common electrode X) is changed, 
a more stable circuit operation and more stable sustain 
discharges can be realized. Besides, the positive and 
negative voltages (±Vs) can be applied from the scan- 
ning electrode Y side in the periods other than sustain 
discharge period. 

[0436] Fig. 78 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this eleventh embodiment. In Fig. 78, the components 
having the same functions as those in Fig. 73, are de- 
noted by the same references as those in Fig. 73, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. In the example of Fig. 76, since the voltage 
on the scanning electrode Y side is fixed to the ground 
level, there is a redundancy in the construction on the 
scanning electrode Y side. Thus, in this example of Fig. 
78, the construction on one electrode side is omitted so 
as simply to connect to the ground. 
[0437] In this example of Fig. 78, a switch SW9' con- 
nected to the power supply line for the voltage Vw is 
provided on the scanning electrode Y side. Besides, a 
reset circuit made up from a switch SW20 and a resistor 
R5 is provided between both terminals of the switch 
SW5' on the scanning electrode Y side. Further in this 
example of Fig. 78, the common electrode X side of the 
load 20 is grounded. In this manner, when the voltage 
on the common electrode X side Is fixed to the ground 
level, and Vs is used as a power supply voltage for the 
scanning electrode Y side, the power loss on the scan- 
ning electrode Y side becomes great in comparison with 
the above-described embodiments in which (Vs/2) is 
used as the power supply voltage. Thus, on the scan- 
ning electrode Yside, a power recovery circuit 33 is pref- 
erably provided. The construction of such a power re- 
covery circuit 33 is the same as that shown in Fig. 48. 
[0438] Fig. 79 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 78. Fig. 79 shows one of the subfields 
• making up one frame. In this example of Fig. 79, the 
driving waveforms on the scanning electrode Y side is 
the same as those in the already described embodi- 
ments (but the absolute value of the voltage to be ap- 
plied is Vs or Vw 1 ). The voltage of the common electrode 
X is fixed to the ground level. 

[0439] The address electrode A is fixed to the ground 
level but a voltage Va is applied to it in address period. 
The address electrode A may be kept in a high imped- 
ance state in sustain discharge period. 
[0440] Fig. 80 is a circuit diagram showing still another 
example of construction of a driving apparatus accord- 



ing to this eleventh embodiment. In Fig. 80, the compo- 
nents having the same functions as those in Fig. 78, are 
denoted by thp same references as those in Fig. 78, re- 
spectively. Thus the repetitive descriptions thereof will 

5 be omitted. 

[0441 ] The common electrode X side of the load 20 is 
grounded in the above example of Fig. 78, but it is con- 
nected to the power supply line for a voltage \fex in this 
example of Fig. 80. In case of fixing the voltage on the 

10 common electrode X side to Vax,_there is required a con- 
struction for selectively applying the offset voltage Vax 
to the scanning electrode Y so that the potential differ- 
ence between the common and scanning electrodes X 
and Y in sustain discharge period becomes Vs. 

75 [0442] The construction for this purpose comprises a 
power supply 55 of the voltage Vax connected to the 
ground, a switch SW29 connected between the power 
supply 55 and the third signal line OUTA', and a switch 
SW30 connected between the power supply 55 and the 

20 fourth signal line OUTB'. With this construction, when 
the switch SW29 is ON, the positive voltage (+Vax) is 
output on the third signal line OUTA'. When the switch 
SW30 is ON, the positive voltage (+\fex) is output on the 
fourth signal line OUTB'. Thus the voltage using this off- 

25 set voltage (+Vax) can be applied from the third or fourth 
signal line OUTA' or OUTB' through the output line 
OUTC'tothe load 20. 

[0443] Fig. 81 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 

30 as shown in Fig. 80. Fig. 81 shows oneof the subfields 
making up one frame. In this example of Fig. 81, the 
waveforms on the scanning electrode Y side in reset and 
address periods are the same as those in the already 
described embodiments (but the absolute value of the 

35 voltage applied is Vs or Vw'). 

[0444] In sustain discharge period, by alternately turn- 
ing the switches SW29 and SW30 ON, the voltage Vax 
is added as an offset voltage to the respective positive 
and negative voltages (+Vs) and (-Vs) applied to the 

*o scanning electrode Y Contrastingly, the voltage of the 
common electrode X is fixed to Vax. Thus the potential 
difference between the common and scanning elec- 
trodes X and Y in the sustain discharge period always 
becomes Vs. 

45 [0445] The address electrode A is fixed at the ground 
level during any period but address period in which the 
voltage Va is applied. During sustain discharge period, 
the address electrode A may be kept in a high imped- 
ance state. 

so [0446] According to the driving apparatus constructed 
as shown in Fig. 78 or 80, the common electrode X side 
requires no power supply circuit and no driver circuit. 
This affords a considerably simple construction on the 
common electrode X side. 

55 [0447] Fig. 82 is a circuit diagram showing still another 
example of construction of a driving apparatus accord- 
ing to this eleventh embodiment. In Fig. 82, the compo- 
nents having the same functions as those in Figs. 78 
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and 80, are denoted by the same references as those 
in Figs. 7B and 80, respectively. Thus the repetitive de- 
scriptions thereof will be omitted. 
[0448] In this driving apparatus shown in Fig. 82, the 
common electrode X side of the load 20 is connected to 
the power supply line for a voltage Vax through a switch 
21, and grounded through a switch SW22. By turning 
one of the switches SW21 and SW22, the voltage to be 
applied to the common electrode X can be changed over 
between the ground level and Vax to use. 
[0449] Fig. 83 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 82. In this example of Fig. 83, the wave- 
forms of the scanning and address electrodes Y and A 
are quite the same as those in Figs. 79 and 81 . One of 
the ground level and Vax is applied to the common elec- 
trode X by being switched More specifically, the voltage 
being applied to the common electrode X is fixed at the 
ground level during reset and sustain discharge periods, 
and at Vax during address period. 
[0450] Fig. 84 is a circuit diagram showing still another 
example of construction of a driving apparatus accord- 
ing to this eleventh embodiment. In the above examples 
of Figs. 78, 80, and 82, the voltage being applied to the 
common electrode X is fixed at the ground level or \fcx. 
But in the driving apparatus shown in Fig. 84, the voltage 
on the common electrode X side is not fixed, and various 
voltages may be applied at need. For this purpose, on 
the common electrode X side, a switch SW9 for switch- 
ing operation in relation to the power supply line for a 
voltage Vw\ and a switch SW14 for switching operation 
in relation to the power supply line lor a voltage Vax, are 
connected in parallel to the second signal line OUTB. 
[0451] On the scanning line Y side, a switch SW1 8 is 
connected between the scan driver 31 ' and the power 
supply line for a voltage Vsc, and a switch SW1 9 is con- 
nected between the scan driver 31 1 and the power sup- 
ply line for a voltage (-Vy). Both terminals of the scan 
driver 31 ' are respectively connected to switches SW23 
and SW 24. The node between those switches SW23 
and SW 24 is grounded. 

[0452] Fig. 85 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 84. Fig. 85 shows one of the subfields 
making up one frame. Referring to Fig. 85, on the com- 
mon electrode X side, by ON/OFF control of the switch- 
es SW1 to SW5, SW9, and SW 14 at proper timings, 
pulses of various voltages, e.g., Vw" and Vax necessary 
in reset and address periods, other than the voltages 
(±Vs) in sustain discharge period, are applied to the load 
20. 

[0453] On the scanning electrode Y side, during reset 
and sustain discharge periods, by setting either of the 
switches SW18 and SW1 9 OFF, and either of the switch- 
es SW23 and SW24 ON, the voltage being applied is 
fixed at the ground level. In address period, by keeping 
the switches SW23 and SW24 OFF. By turning the 
switches SW18 and SW19 ON, the voltage Vsc - (-Vy) 



is applied between both power supply terminals of the 
scan driver 31 '. By controlling ON/OFF of the scan driver - 
31 1 at proper timings, a pulse voltage netfe^sary for 
scanning is applied to the scanning electrode Y With 
5 this construction, the circuit on the scanning electrode 
Y side can be further simplified, so it can be realized to 
reduce the manufacturing cost in comparison with the 
prior art. 

[0454] The address electrode A is fixed at the ground 
10 level during any period but address period in which the 
voltage Va is applied. During sustain discharge period, 
the address electrode A may be kept in a high imped- 
ance state. 

[0455] Fig. 86 is a circuit diagram showing still another 
*5 example of construction of a driving apparatus accord- 
ing to this eleventh embodiment. In Fig. 86, the compo- 
nents having the same functions as those in Fig. 84, are 
denoted by the same references as those in Fig. 84, re- 
spectively. Thus the repetitive descriptions thereof will 
20 be omitted. In the above example of Fig. 84, the switch- 
es SW23 and SW24 for setting the voltage being applied 
to the scanning electrode Y, at the ground level, are con- 
structed as a common circuit for all display lines of the 
PDP. 

25 [0456] Contrastingly in the construction shown in Fig. 
86, a switch 25 for setting the voltage being applied to 
the scanning electrode Y, at the ground level, is incor- 
porated in the scan driver 3V as part of the scan driver 
31 '. Such a switch 25 is provided for every display line. 

^o By this construction, switching control can be individu- 
ally made for each display line. Besides, the circuit on 
the scanning electrode Y side can be further simplified, 
so it can be realized to reduce the manufacturing cost 
in comparison with the prior art. The waveforms in this 

35 construction of Fig. 86 is the same as those of Fig. 85. 

(Twelfth Embodiment) 

[0457] Next, the twelfth embodiment of the present tn- 

40 vention will be described. 

[0458] In the above-described first to eleventh em- 
bodiment, a positive voltage is applied to the power sup- 
ply circuit, and positive and negative voltages are gen- 
erated on the first and second signal lines OUTA and 

45 OUTB from the positive voltage. Contrastingly in this 
twelfth embodiment, a negative voltage is applied to the 
power supply circuit, and positive and negative voltages 
are generated on the output line OUTC through the first 
and second signal lines OUTA and OUTB from the neg- 

50 ative voltage. 

[0459] Fig. 87 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this twelfth embodiment. In Fig. 87, the compo- 
nents having the same functions as those in Fig. 9, are 

55 r denoted by the same references as those in Fig. 9, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. The example of Fig. 87 differs from the ex- 
ample of Fig. 9 on the point that the voltage to be applied 
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to the power supply circuits 43 and 43' in Fig. 87 is a 
negative voltage (-Vs/2) though it is a positive voltage 
(+Vs/2) in the example of Fig. 9. 
[0460] So as to apply the voltage with the thus re- 
versed polarity to the power supply circuits 43 and 43', 
the location of the capacitor C1 in Fig. 87 differs from 
that in Fig. 9. That is, the capacitor C1 is connected be- 
tween the switches SW2 and SW3 in Fig. 9, but it is con- 
nected between the switches SW1 and SW2 in Fig. 87. 
[0461] Fig. 88 is a timing chart showing driving wave- 
forms of the PDP by the driving apparatus constructed 
as shown in Fig. 87. In the above-described first to elev- 
enth embodiment in which a positive voltage is applied 
to the power supply circuits 43 and 43', in the period till 
the capacitor C1 has stored charges, switching control 
of the switches SW1 , SW3, and SW4 is mainly per- 
formed to apply a positive voltage to the load 20, and 
then switching control of the switches SW2 and SW5 is 
performed to apply a negative voltage to the load 20. 
[0462] Contrastingly in this twelfth embodiment in 
which a negative voltage is applied to the power supply 
circuits 43 and 43', in the period till the capacitor C1 has 
stored charges, switching control of the switches SW1 , 
SW3, and SW5 is mainly performed to apply a negative 
voltage to the load 20, and then switching control of the 
switches SW2 and SW4 is performed to apply a positive 
voltage to the load 20. The other basic parts of the wave- 
forms are the same as those already described, so the 
detailed description thereof will be omitted. 
[0463] Also according to this twelfth embodiment in 
which a negative voltage is applied to the power supply 
circuits 43 and 43', the breakdown voltage of each ele- 
ment provided in the power supply circuits 43 and 43' 
and the driver circuits 44 and 44' can be held down in 
comparison with its value in previously-considered ap- 
paratus. This makes it possible to use inexpensive small 
elements and so realize simplification in circuit construc- 
tion and reduction of manufacturing cost. Alternatively, 
possible is the operation that the positive voltage is ap- 
plied to the power supply circu its 43 and 43' of the twelfth 
embodiment shown in Fig. 87 to swing the voltage of the 
output line OUTC shown in Fig. 88 between GND and 
Vs. 

[0464] Fig. 89 a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this twelfth embodiment. In Fig. 89, the same compo- 
nents as those in Figs. 87, 84, and 86 are denoted by 
the same reference as those in Figs. 87, 84, and 86, 
respectively. In this driving apparatus shown in Fig. 89, 
the idea of Fig. 87 is combined with the circuit shown in 
Fig. 84 or 86. With this construction, the circuits on the 
scanning electrode Y side shown in Fig. 84 or 86 can 
be reduced. Further, as occasion demands, it is also 
possible to set Vsc = Vs to eliminate the Vsc power sup- 
ply. 



(Thirteenth Embodiment) 

[0465] Next, the thirteenth embodiment of the present 
invention will be described. 

5 [0466] Fig. 90 is a circuit diagram showing a specific 
example of construction of a driving apparatus accord- 
ing to this thirteenth embodiment. The construction 
shown in Fig. 90 is an application of the construction 
shown in Fig. 9. In Fig. 90, the same references as in 

10 Fig. 9 denote the same parts as in Fig. 9. Thus the re- 
petitive descriptions thereol will be omitted. 
[0467] Referring to Fig. 90, switches SW1 and SW2 
on the common electrode Xside are connected in series 
between the ground and the power supply line of a volt- 

is age (1/4 Vs) generated from an A/D power supply (not 
shown). The node between the switches SW1 and SW2 
is connected to one terminal of a capacitor C1 A switch 
SW3 is connected between the ground and the other 
terminal of the capacitor C1. 

20 [0468] A switch SW27, a capacitor C7, and a switch 
SW28 are connected in series in parallel with the switch- 
es SW1 and SW2 connected between the ground and 
the power supply line ol the voltage (1/4 Vs). A switch 
SW26 is connected between the other terminal of the 

25 capacitor C1 and one terminal of the capacitor C7 con- 
nected to the switch SW27. A driver circuit 44 is con- 
nected between the one terminal of the capacitor C1 and 
the other terminal of the capacitor C7. This driver circuit 
44 comprises two switches SW4 and SW5. 

30 [0469] On the scanning electrode Y side, switches 
SWV and SW2' are connected in series between the 
ground and the power supply line of a voltage (1/4Vs) 
generated from an A/D power supply (not shown). The 
node between the switches SW1 ' and SW2' is connect- 

35 ed to one terminal of a capacitor C4. A switch SW3' is 
connected between the ground and the other terminal 
of the capacitor C4. 

[0470] A switch SW27\ a capacitor C8, and a switch 
SW28 1 are connected in series in parallel with the 

^o switches SWV and SW2* connected between the 
ground and the power supply line of the voltage (1/4Vs). 
A switch SW26' is connected between the other terminal 
of the capacitor C4 and one terminal of the capacitor C8 
connected to the switch SW27*. A driver circuit 44' is 

45 connected between the one terminal of the capacitor C4 
and the other terminal of the capacitor C8. This driver 
circuit 44' comprises two switches SW4" and SW5'. 
[0471] Fig. 91 is a timing chart showing a specific ex- 
ample of driving waveforms in a sustain discharge peri- 

so od by the driving apparatus of this embodiment. 

[0472] Referring to Fig. 91 , firstly, five switches SW1 , 
SW3, SW27, SW28, and SW5 are turned ON, and the 
remaining switches SW2, SW26, and SW4 are kept 
OFF. The voltage of the first signal line OUTA thereby 

55 rises to the voltage level (1/4Vs) applied through the 
switch SW1 , and the voltage of the second signal line 
OUTB remains at the ground level. At this time, the 
charges corresponding to the voltage (1 /4Vs) are stored 
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in the capacitors C1 and C7. Further, by turning the re- 
spective switches SW5 and SW4 OFF and ON, the volt- 
age (Vs/4) of the first signal line OUTA is output on the 
output line OUTC to be applied to the common electrode 
X of the load 20. 

[0473] Next, the switches SW26, SW27, SW28, and 
SW4 are set ON, and the remaining switches SW1, 
SW2, SW3, and SW5 are set OFF With this operation, 
the capacitors C1 and C7 are connected in series be- 
tween the ground and the power supply line of the volt- 
age (1/4Vs). Since the charges corresponding to the 
voltage (1/4Vs) are stored in the capacitors C1 and C7, 
the charges in the capacitors C1 and C7 are summed 
to generate the voltage of (Vs/2) of the first signal line 
OUTA. Even in this state, the voltage of the second sig- 
nal line OUTB still remains at the ground level. At this 
time, since the respective switches SW5 and SW4 are 
OFF and ON, the voltage (Vs/2) of the first signal line 
OUTA is output on the output line OUTC to be applied 
to the common electrode X of the load 20. 
[0474] At the next timing, the switches SW1 , SW3, 
SW27, SW28, and SW4 are set ON, and the remaining 
switches SW2, SW26, and SW5 are set OFF. The volt- 
age (Vs/4) is thereby applied to the first signal line OUTA 
through the switch SW1 . In this state, the voltage of the 
second signal line OUTB remains at the ground level. 
At this time, since the respective switches SW5 and 
SW4 are OFF and ON. the voltage (Vs/4) of the first sig- 
nal line OUTA is output on the output line OUTC to be 
applied to the common electrode X of the load 20. 
[0475] Next, the switches SW4 and SW5 are turned 
OFF and ON, respectively. The voltage of the second 
signal line OUTB is thereby output on the output line 
OUTC to set the voltage being applied to the common 
electrode X of the load 20 at the ground level. 
[0476] After this, the switches SW3, SW26, and SW5 
are turned ON, the remaining switches SW1, SW2, 
SW27, SW28, and SW4 are turned OFF. The voltage of 
the second signal line OUTB is thereby lowered to (-Vs/ 
4) in accordance with the charges accumulated in the 
capacitor C7. At this time, since the switch SW5 is ON, 
the voltage (-Vs/4) of the second signal line OUTB is 
output on the output line OUTC to be applied to the com- 
mon electrode X of the load 20. 

[0477] Next, the switches SW3 and SW2 are turned 
OFF and ON, respectively. This makes the state that the 
capacitors C1 and C7 are connected in series between 
the common electrode X and the ground. At this time, 
since the charges corresponding to (Vs/4) are accumu- 
lated in either of the capacitors C1 and C7, the voltage 
of the second signal line OUTB is towered to (-Vs/2) as 
a result of addition of the charges in those two capacitors 
Ct and C7. The voltage of the first signal line OUTA re- 
mains at the ground level. At this time, since the switch 
SW5 is ON, the voltage (-Vs/2) of the second signal line 
OUTB is output on the output line OUTC to be applied 
to the common electrode X of the load 20. 
[0478] After this, the switches SW2 and SW3 are 



again turned OFF and ON, respectively. By this opera- 
tion, the voltage of the first signal line OUTA is raised to * 
(+Vs/4), and the voltage of 'the second signal line OUTB 
is lowered to (-Vs/4). At this time, since the switch SW5 
5 is ON, the voltage (-Vs/4) of the second signal line 
OUTB is output on the output line OUTC to be applied 
to the common electrode X of the load 20. 
[0479] Next, similarly to the first state, five switches 
SW1 , SW3, SW27, SW28, and SW5 are turned ON, and 
10 the remaining switches SW2, SW26, and SW4 are 
turned OFF. The voltage of the first signal line OUTA is 
set at (Vs/4), and the voltage of the second signal line 
OUTB is set at the ground level. At this time, the voltage 
of the second signal line OUTB is output on the output 
1$ line OUTC to be applied to the common electrode X of 
the load 20. After this, the same operation is repeated. 
[0480] Although not shown in Fig. 91 , a similar switch- 
ing control to that on the common electrode X side is 
performed in relation to the switches SW1 \ SW2\ SW3\ 
SW26\ SW27', SW28', SW4\ and SW5' on the scanning 
electrode Y side. But, as shown in Fig. 91 , the switching 
control is performed such that the output voltages of the 
output lines OUTC and OUTC on the common electrode 
X side and the scanning electrode Y side are reverse in 
polarity to each other. 

[0481] As described above, according to this embod- 
iment, the waveforms in which the positive and negative 
voltages (±Vs/2) are alternately repeated, can be gen- 
erated on the output lines OUTC and OUTC 1 with a sin- 
gle power supply for generating the voltage (Vs/4). By 
applying the positive and negative voltages (±Vs/2) thus 
generated are applied in opposite phases to the output 
lines OUTC and OUTC on the common electrode X side 
and the scanning electrode Y side, the difference volt- 
age (Vs) can be applied between the common and scan- 
ning electrodes X and Y of the load 20. 
[0482] As described above, when driving the capaci- 
tive load 20, the power is expressed by 2Cp-V 2 -f using 
the capacitance Cp of the load 20, the driving voltage V 
of the load 20, and the frequency when the voltage is 
applied to the toad 20. According to this embodiment, 
the absolute value of the voltage to be applied to the 
load 20 suffices to be 1/4 the conventional one. Instead 
of this, however, the frequency when the voltage is ap- 
plied to the load 20 becomes four times. Consequently, 
the power loss when driving the load 20 is expressed by 
2Cp-(V/4) 2 -(4f). This shows that the power loss can be 
held down to 1/4 the conventional one. Thus, even in 
case of providing no power supply circuit, the power use 
efficiency can be improved in comparison with the prior 
art. 

[0483] In this example, the positive and negative volt- 
ages (±Vs/2) are applied in opposite phases between 
the common and scanning electrodes X and Y. But, for 
example, the positive' and negative voltages (±Vs) may 
be applied to the common electrode X while the scan- 
ning electrode Y side is connected to the ground, like 
the eleventh embodiment. In this case, the construction 
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shown in Fig. 92 can be used. In the construction shown 
in Fig. 92, the construction on the common electrode X 
side is almost the same as that shown in Fig. 90 except 
the feature that the power supply line is not of (Vs/4) but 
of (Vs/2). In the construction shown in Fig. 92, the scan- 
ning electrode Y side is connected to the ground. The 
driving waveforms in this case are as shown in Fig. 93. 
[0484] As described above, according to the example 
of Fig. 93, the waveforms in which the positive and neg- 
ative voltages (±Vs) are alternately repeated, can be 
generated on the output lines OUTC with a single power 
supply for generating the voltage (Vs/2). 
[0485] In the example of Fig. 90, the driving wave- 
forms are generated with an A/D power supply of the 
voltage (Vs/4). But, by further adding, in series, low-volt- 
age and low-power power supply circuit sections each 
having the same construction as the switches SW26 to 
SW28 and the capacitor C7 as shown in Fig. 90, the 
same driving waveforms can be generated with an A/D 
power supply of a smaller voltage (e.g., Vs/8, Vs/16, ...). 
Thus the power loss when driving the load 20 can be 
reduced more. For example, when n stages of such low- 
voltage and low-power power supply circuit sections are 
provided in series, the power loss when driving the load 
20 is expressed by 2Cp.(V/n) 2 -(nf). This shows that the 
power loss can be held down to 1/n the conventional 
one. 

[0486] Fig. 94 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this thirteenth embodiment. In Fig. 94, the compo- 
nents having the same functions as those in Fig. 90, are 
denoted by the same references as those in Fig. 90, re- 
spectively. Thus the repetitive descriptions thereof will 
be omitted. 

[0487] In the driving apparatus shown in Fig. 94, in 
addition to the construction shown in Fig. 90, switches 
SW30 and SW30* are provided on the common elec- 
trode X side and the scanning electrode Y side, respec- 
tively. The switch SW30 is connected between one ter- 
minal of the capacitor C1 and the other side terminal of 
the capacitor C7. The switch SW30' is connected be- 
tween one terminal of the capacitor C4 and the other 
side terminal of the capacitor C8. As shown in Fig. 94, 
the connecting manners of the switches SW28 and 
SW28' differ from those in Fig. 90. The switch SW1 is 
connected between the Vs/4 power supply line and one 
terminal of the capacitor CI. The switch SWV is con- 
nected between the Vs/4 power supply line and one ter- 
minal of the capacitor C4. One terminal of the capacitor 
C7 is connected to the first signal line OUTA. One ter- 
minal of the capacitor C8 is connected to the third signal 
line OUTA*. 

[0488] Fig. 95 is a timing chart showing an specific 
example of driving waveforms in sustain discharge pe- 
riod by the driving apparatus shown in Fig. 94. 
[0489] Referring to Fig. 95, the waveform of the first 
signal line OUTA on the common electrode X side is the 
same as that shown in Fig. 91 except two differences 



described below. On the first difference, in the example 
of Fig. 91, the voltage of the second signal line OUTB - 
is fixed to the ground level when the positive voltage is p 
applied to the first signal line OUTA. Contrastingly in the 
s example of Fig. 95, the voltage of the second signal line 
OUTB is raised to (+Vs/4) while the voltage of the first 
signal line OUTA is (+Vs/2). 

[0490] On the second difference, in the example of 
Fig. 91 , the voltage of the first signal line OUTA is at the 

io ground level while the voltage of the second signal line 
OUTB is (-Vs/2). Contrastingly in the example of Fig. 95, 
the first signal line OUTA is lowered to the (-Vs/4) level. 
This second difference will be described below in detail. 
[0491] The switches SW1, SW2, SW4, SW27, and 

15 SW28 are set OFF, and the switches SW3, SW5, and 
SW26 are set ON to lower the voltage of the second 
signal line OUTB from the ground level to (-Vs/4). At this 
time, by keeping the switch SW30 OFF, the voltage of 
the first signal line OUTA is lowered from (Vs/4) to the 

20 ground level. Although the switches S W3 and SW26 are 
turned ON in this example, the switches SW2 and SW27 
may be turned ON while the switches SW3 and SW26 
are kept OFF. Further, when the switch SW28 is also 
turned ON, the charges accumulated in the capacitor 

25 C1 can be more efficiently used because the capacitors 
C7 and C1 can be connected in parallel. 
[0492] Next, in the state that the voltages of the first 
and second signal lines OUTA and OUTB are thus re- 
spectively set at the ground level and (-Vs/4), the switch- 

30 es SW2 and SW3 are turned ON and OFF, respectively. 
The voltages of the first and second signal lines OUTA 
and OUTB are thereby lowered from the ground level to 
(-Vs/4) and from (-Vs/4) to (-Vs/2), respectively. 
[0493] After this, the switches SW2 and SW3 are 

35 again turned OFF and ON, respectively. The voltages 
of the first and second signal lines OUTA and OUTB are 
thereby raised to the ground level and (-Vs/4), respec- 
tively. Next, like the first state, the switches S W1 , SW3, 
SW27, SW28, and SW5 are turned ON, and the remain- 

40 |ng switches SW2, SW26, SW4, and SW30 are turned 
OFF. The voltages of the first and second signal lines 
OUTA and OUTB are thereby set at (Vs/4) and the 
ground level, respectively. 

[0494] A similar switching control to that on the com- 
45 mon electrode X side is performed in relation to the 
switches SWV, SW2\ SW3\ SW26', SW27\ SW28', 
SW4\ SW5\ and SW30 1 on the scanning electrode Y 
side. But, as shown in Fig. 94, the switching control is 
performed such that the output voltages of the output 
50 lines OUTC and OUTC on the common electrode X side 
and the scanning electrode Y side are reverse in polarity 
to each other. 

[0495] As described above, also in the example of 
construction of Fig. 94, the waveforms in which the pos- 
ss jtive and negative voltages (±Vs/2) are alternately re- 
peated, can be generated on the output lines OUTC and 
OUTC with a single power supply for generating the 
voltage (Vs/4). By applying the positive and negative 
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voltages (±Vs/2) thus generated are applied in opposite 
phases to the output lines OUTC and OUTC on the 
common electrode X side and the scanning electrode Y 
side, the difference voltage (Vs) can be applied between 
the common and scanning electrodes X and Y of the 
load 20. In this manner, since the absolute value of the 
voltage to be applied to the load 20 suffices to be 1/4 
the conventional one, the power loss can be held down 
to 1/4 the conventional one. Thus, even in case of pro- 
viding no power recovery circuit, the power use efficien- 
cy can be improved in comparison with the prior art. 
[0496] For setting the voltage of the output line OUTC 
(OUTC*) at the ground level, a method is thinkable in 
which the voltages of the first and second signal lines 
OUTA (OUTA 1 ) and OUTB (OUTB') are respectively set 
at the ground level and (-Vs/4), and then the switch SW4 
(SW4') is turned ON. However, in order to obtain longer 
periods for charging the capacitors C1 , C7, C4, and C8, 
the example shown in Fig. 94 is preferable. 
[0497] In this example, the positive and negative volt- 
ages (±Vs/2) are applied in opposite phases between 
the common and scanning electrodes X and Y But, for 
example, the positive and negative voltages (±Vs) may 
be applied to the common electrode X while the scan- 
ning electrode Y side is connected to the ground, like 
the eleventh embodiment. In this case, the construction 
shown in Fig. 96 can be used. In the construction shown 
in Fig. 96, the construction on the common electrode X 
side is almost the same as that shown in Fig. 94 except 
the feature that the power supply line is not of (Vs/4) but 
of (Vs/2). In the construction shown in Fig. 96, the scan- 
ning electrode Y side is connected to the ground. The 
driving waveforms in this case are as shown in Fig. 97. 
[0498] As described above, according to the example 
of Fig. 96, the waveforms in which the positive and neg- 
ative voltages (±Vs) are alternately repeated, can be 
generated on the output lines OUTC and OUTC with a 
single power supply for generating the voltage (Vs/2). 
[0499] In the example of Fig. 94, the driving wave- 
forms are generated with an A/D power supply of the 
voltage (Vs/4). But, by further adding, in series, low-volt- 
age and low-power power supply circuit sections each 
having the same construction as the switches SW26 to 
SW28 and the capacitor C7 as shown in Fig. 94, the 
same driving waveforms can be generated with an A/D 
power supply of a smaller voltage (e.g., Vs/8, Vs/1 6, ...). 
Thus the power loss when driving the load 20 can be 
reduced more. For example, when n stages of such low- 
voltage and low-power power supply circuit sections are 
provided in series, the power loss when driving the load 
20 is expressed by 2Cp-(V/n) 2 -(nf). This shows that the 
power loss can be held down to 1/n the conventional 
one. 

[0500] Fig. 98 is a circuit diagram showing another ex- 
ample of construction of a driving apparatus according 
to this thirteenth embodiment. In Fig. 98, the compo- 
nents having the same functions as those in Figs. 96 
and 84, are denoted by the same references as those 



in Figs. 96 and 84, respectively. Thus the repetitive de- 
scriptions thereof will be omitted. 
[0501 p In the driving apparatus shown in Fig. 98, com- 
bined are thefeature that two stages of low-voltage and 
5 low-power circuit sections are provided in series on the 
common electrode X side as shown in the example of 
Fig. 96, the feature that the negative voltage (-Vs/2) is 
used as a power supply as shown in Fig. 87, and the 
feature that the scanning electrode Y side is made up 
io from the scan driver 31 ' and the power supply line of the 
voltage Vsc, and the voltages (±Vs) are applied to one 
side of the load 20, as shown in Fig. 84. 
[0502] This construction makes it possible to apply 
the voltages (±Vs) to the load 20 from the common elec- 
ts trode X side, thereby simplifying the circuit construction 
on the scanning electrode Y side. Besides, the external 
power supply voltage is (-Vs/2), and the power loss in 
relation to the load 20 becomes half that of previously- 
considered apparatus. Further, the breakdown voltage 
of either of the driver circuit 44 and the scan driver 31 1 
is sufficed by Vs/2 or more (in case of Vsc = Vs/2). This 
shows that the breakdown voltage can.be held down to 
half the value in previously-considered apparatus. 
[0503] Fig. 99 is a timing chart showing a specific ex- 
25 ample of driving waveforms in sustain discharge period 
by the driving apparatus shown in Fig. 98. 
[0504] Referring to Fig. 99, the driving waveforms of 
the output lines OUTC and OUTC on the common elec- 
trode X side and the scanning electrode Y side are quite 
30 the same as those shown in Fig. 97. In the example of 
Fig. 97, the duration of either of the driving waveforms 
of the first and second signal lines OUTA and OUTB on 
the common electrode X side in the period of the (Vs/2) 
level is longer than that in the period of the ground level. 
35 This relation is reverse in the example of Fig. 99, i.e. the 
duration thereof in the period of the ground level is long- 
er than that in the period of the (Vs/2) level. The other 
features of the waveforms in both drawings are almost 
the same. 

40 [0505] For setting the voltage of the output line OUTC 
at the ground level, a method is thinkable in which the 
voltages of the first and second signal lines OUTA and 
OUTB are respectively set at (Vs/2) and the ground lev- 
el, and then the switch SW5 is turned ON. However, in 

45 order to obtain longer periods for charging the capaci- 
tors C1 and C7, the example shown in Fig. 99 is prefer- 
able, in which the voltages of the first and second signal 
lines OUTA and OUTB are respectively set at the ground 
level and (-Vs/2), and then the switch SW4 is turned ON. 

so [0506] Besides, for setting the voltages of the first and 
second signal lines OUTA and OUTB respectively at 
(Vs/2) and the ground level, the switches SW1 and 
SW30 are turned ON in the example of Fig. 99. Alterna- 
tively, the switches SW2 and SW28 may be turned ON. 

55 ■ Further, when the switch SW27 is also turned ON, the 
charges accumulated in the capacitor C1 can be more 
efficiently used. 

J0507] The first to thirteenth embodiments of the 
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present invention have been described above. Any of 
those driving apparatus is applicable to a piasma display 
apparatus. The construction of such a plasma display 
apparatus is as shown in Figs. 1 to 3. 

(Fourteenth Embodiment) 

[0508] Next, the fourteenth embodiment of the 
present invention will be described. 
[0509] In this fourteenth embodiment, the driving 
method shown in any of the above-described embodi- 
ments is applied to the driving method described in Jap- 
anese Patent No. 2801893, which has been acquired 
by the present applicant. 

[051 0] Figs. 1 00 and 1 01 respectively show schemat- 
ic constructions of the PDP and the plasma display ap- 
paratus described in the Japanese Patent No. 2801 893. 
Fig. 1 02 shows a schematic construction of a driving ap- 
paratus for realizing the driving method described in the 
Japanese Patent No. 2801893. 
[0511] The driving method described in the Japanese 
Patent No. 2801893 will be briefly described below with 
reference to Fig. 1 02. Referring to Fig. 1 02, of common 
electrodes X formed on one surface of a load 20 (PDP) 
to run parallel with one another, the common electrodes 
Xo in odd numbers are connected to an Xo driver 61 for 
odd number, and the common electrodes Xe in even 
numbers are connected to an Xe driver 62 tor even 
number. 

[0512] Scanning electrodes Y1 to Yn formed on the 
one surface of the load 20 (PDP) to run parallel with one 
another, are respectively connected to scan drivers 31 
to 3V. n provided for the respective display lines. Of 
these scan drivers 31 V,, to 3V. n , the scan drivers 31V,, 
3V_ 3 , in odd numbers are connected to a Yo common 
circuit 63 for odd number, and the scan drivers 31 '. 2 . 
31'_4, are connected to a Ye common circuit 64 for 
even number. 

[0513] At a timing tl, the common and scanning elec- 
trodes X and Y are driven by the combination of the Xo 
driver 61 and the Yo common circuit 63, and the combi- 
nation of the Xe driver 62 and the Ye common circuit 64. 
At the next timing t2, the common and scanning elec- 
trodes X and Y are driven by the combination of the Xo 
driver 61 and the Ye common circuit 64, and the combi- 
nation of the Xe driver 62 and the Yo common circuit 63. 
[051 4] The above operations are repeated alternately 
with displaying the odd and even display lines in sepa- 
rate fields, thereby displaying the whole picture. While 
the drives corresponding to the drives at the above tim- 
ings t1 are only performed in the conventional plasma 
display apparatus shown in Fig. 1 , drives for interpola- 
tion of the drives of the display lines at the timings t1 are 
performed at timings t2 in the example of Fig. 102. This 
makes it possible to double apparently the number of 
display lines of the PDP, and improve the resolution and 
luminance of display. 

[0515] In this fourteenth embodiment, the construc- 



tion described in any of the above-described first to thir- 
teenth embodiments is applied to each of the Xo driver 
61 , the Xe driver 62, the Yo common circuit 63, and the 
Ye common circuit 64 shown in Fig. 102. 
5 [051 6] More specifically, the load 20 shown in Fig. 1 02 
is a plasma display panel, and the operations, e.g., de- 
scribed with reference to Figs. 63 to 67 can apply to the 
Xo and Xe drivers 61 and 62 and the Yo and Ye common 
circuits 63 and 64. The scan driver 31' shown in Fig. 63 
can apply to each of the scan drivers 31 '_ 1s 31 '.3, ... 
shown in Fig. 102. 

[0517] With this construction, the breakdown voltage 
of each element can be held down. Besides, with real- 
izing a power saving by lowering used voltages, and a 
reduced cost by lowering used voltages and breakdown 
voltages, the display resolution and the luminance of 
PDP can be improved. 

(Fifteenth Embodiment) 

[0518] Next, the fifteenth embodiment of the present 
invention will be described. 

[0519] Fig. 103 shows an example in which the con- 
struction shown in Fig. 9 is modified. In Fig. 1 03, the 
corresponding parts to those in Fig. 9 are denoted by 
the same references as those in Fig. 9, respectively. 
This example of Fig. 103 differs from the example of Fig. 
9 only on the feature of the input voltage of the power 
supply circuit. Consequently, the output waveforms of 
the output lines OUTC and OUTC are as shown in Fig. 
104.- The specific operation is the same as that in case 
of the example of Fig. 2, so the description thereof is 
omitted. 



[0520] Fig. 105 is a circuit diagram showing another 
embodiment of the present invention. Fig. 105 shows 
another method for applying a voltage to the capacitor 
C1 . More specifically, a power supply of VI N is provided 
on the primary side. On the secondary side, the voltage 
nVIN that is n times the input voltage VIN (n is an arbi- 
trary number) is generated using the coils L1 and L2 to 
be applied to the capacitor C1 . Using the switches SW2 
and SW3, the operation of each of the above-described 
embodiments is realized. With this construction, the 
switch SW1 can be omitted, and the power supply can 
be simplified. 

[0521 ] In the above embodiments, the driving voltage 
is applied to loads of flat display apparatus, in particular, 
of AC-driven PDP apparatus. However, the present in- 
vention is not limited to those examples and can also 
apply to apparatus other than such flat display appara- 
tus. 



is 



20 



25 



30 



35 (Another Embodiment) 



40 



45 



50 



87 



EP 1 065 650 A2 



88 



Claims 

1. A driving apparatus for applying predetermined 
voltages to a load, 

said apparatus comprising a first signal line 
for supplying a voltage at a first level to one side of 
said load, and a second signal line for supplying a 
voltage at a second level to said one side of said 
load, 

wherein the voltage of said second signal line 
is set at a third level and the voltage of said first 
signal line is set at said first level so that the voltage 
at said first level is supplied to said load through said 
first signal line, and 

the voltage of said first signal line is set at said 
third level and the voltage of said second signal line 
is set at said second level so that the voltage at said 
second level is supplied to said load through said 
second signal line. 

2. An apparatus according to claim 1 , further compris- 
ing a driving circuit provided between said first and 
second signal lines for driving said load, wherein 
said driving circuit selectively applies the voltage at 
said first level given through said first signal line and 
the voltage at said second level given through said 
second signal line to said one side of said load. 

3. An apparatus according to claim 1 , wherein said 
third level is the ground level. 

4. An apparatus according to claim 1 , wherein the oth- 
er side of said load is connected to a fixed power 
supply or the ground. 

5. An apparatus according to claim 1 , wherein the oth- 
er side of said load is connected through a switching 
element to a fixed power supply or the ground. 

6. An apparatus according to claim 1 , wherein said 
load is a plasma display panel, and the other side 
of said load is connected to a fixed power supply 
through a scan driver circuit for generating a pulse 
to be applied in address period, and a switching el- 
ement. 

7. An apparatus according to claim 6, wherein said 
scan driver circuit is connected also to the ground 
through a switching element. 

8. An apparatus according to claim 7, wherein said 
switching element connected to the ground is pro- 
vided within said scan driver circuit. 

9. An apparatus according to claim 1 , wherein a power 
supply for generating a positive voltage in relation 
to said third level is used for supplying the voltages 
at said first, second, and third levels to said first and 



second signal lines. 

10. An apparatus according to claim 1, wherein a power 
supply for generating a negative voltage in relation 

5 to said third level is used for supplying the voltages 
at said first, second, and third levels to said first and 
• second signal lines. 

11. An apparatus according to claim 1 , further compris- 
io ing a third signal line for supplying a voltage at a 

fourth level to the other side of said load, and a 
fourth signal line for supplying a voltage at a fifth 
level to said other side of said load, 

wherein the voltage of said fourth signal line 
is js set at a sixth level and the voltage of said third 
signal line is set at said fourth level so that the volt- 
age at said fourth level is supplied to said load 
through said third signal line, and 

the voltage of said third signal line is set at 
20 said sixth level and the voltage of said fourth signal 
line is set at said fifth level so that the voltage at said 
fifth level is supplied to said load through said fourth 
signal line. 

25 12. An apparatus according to claim 11, wherein the 
voltage at said fifth level is supplied to said other 
side of said load through said fourth signal line while 
the voltage at said first level is supplied to said one 
side of said load through said first signal line, and 

30 the voltage at said fourth level is supplied to 

said other side of said load through said third signal 
line while the voltage at said second level is sup- 
plied to said one side of said load through said sec- 
ond signal line, thereby applying said predeter- 

35 mined voltage to said load. 

13. An apparatus according to claim 11, wherein said 
first and second levels are respectively equal to said 
fourth and fifth levels, said third and sixth levels are 
40 respectively the ground level, and a common power 
supply for generating the voltage at said first and 
fourth or second and fifth level on both sides of said 
load is provided. 

45 14. An apparatus according to claim 11, wherein said 
first and second levels are different from said fourth 
and fifth levels, respectively. 

15. An apparatus according to claim 14, wherein either 
50 said first or second level, and either said fourth or 

fifth level are respectively the ground level. 

1 6. An apparatus according to claim 1 1 , wherein a pow- 
er supply for generating a positive voltage in relation 

55 to said sixth level is 1 used for supplying the voltages 
at said fourth, fifth, and sixth levels to said third and 
fourth signal lines. 
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17. An apparatus according to claim 11, wherein a pow- 
er supply for generating a negative voltage in rela- 
tion to said sixth level is used for supplying the volt- 
ages at said fourth, fifth, and sixth levels to said third 
and fourth signal lines. 

18. An apparatus according to claim 12, wherein the 
timing for supplying the voltage at said first level to 
said one side of said load is earlier than the timing 
for supplying the voltage at said fifth level to said 
other side of said load, and the timing for supplying 
the voltage at said fourth level to said other side of 
said load is earlier than the timing for supplying the 
voltage at said second level to said one side of said 
load. 

19. An apparatus according to claim 18, wherein the 
pulse width of the voltage at said first level is greater 
than the pulse width of the voltage at said fifth level, 
and the pulse width of the voltage at said fourth level 
is greater than the pulse width of the voltage at said 
second level. 

20. An apparatus according to claim 12, wherein the 
timing for supplying the voltage at said fifth level to 
said other side of said load is earlier than the timing 
for supplying the voltage at said first level to said 
one side of said load, and the timing for supplying 
the voltage at said second level to said one side of 
said load is earlier than the timing for supplying the 
voltage at said fourth level to said other side of said 
load. 

21. An apparatus according to claim 20, wherein the 
pulse width of the voltage at said fifth level is greater 
than the pulse width of the voltage at said first level, 
and the pulse width of the voltage at said second 
level is greater than the pulse width of the voltage 
at said fourth level. 

22. An apparatus according to claim 12, wherein the 
voltage at said first level is supplied to said one side 
of said load in the state that the voltage at said fifth 
level is supplied to said other side of said load, and 
the voltage at said fourth level is supplied to said 
other side of said load in the state that the voltage 
at said second level is supplied to said one side of 
said load. 

23. An apparatus according to claim 12, wherein the 
voltage at said fifth level is supplied to said other 
side of said load in the state that the voltage at said 
first level is supplied to said one side of said load, 
and the voltage at said second level is supplied to 
said one side of said load in the state that the volt- 
age at said fourth level is supplied to said other side 
of said load. 



24. An apparatus according to claim 22, wherein the 
voltage at said fourth level is supplied to said other _ 
side of said load before the voltage being applied 

to said one side of said load is changed from the 
5 voltage at said first level to the voltage at said sec- 
ond level, said one side of said load is made in a 
high impedance state, and the voltage at said fourth 
level supplied to said other side of said load is 
changed to the voltage at said fifth level. 

25. An apparatus according to claim 12, wherein the 
voltage at said fourth level is supplied to said other 
side of said load before the voltage being applied 
to said one side of said load is changed from the 
voltage at said first level to the voltage at said third 
level, said one side of said load is made in a. high 
impedance state, and the voltage at said fourth level 
supplied to said other side of said load is changed 
to the voltage at said sixth level. 

26. An apparatus according to claim 12, wherein the 
timing for supplying the voltage at said first level to 
said one side of said load is earlier than the timing 
for supplying the voltage at said fifth level to said 
other side of said load, and the timing for supplying 
the voltage at said second level to said one side of 
said load is earlier than the timing for supplying the 
voltage at said fourth level to said other side of said 
load. 

27. An apparatus according to claim 1 , further compris- 
ing: 

first and second switches connected in series 
between a first power supply for supplying the 
voltage at said first or second level, and a sec- 
ond power supply for supplying the voltage at 
said third level; 

a capacitor whose one terminal is connected to 
the node between said first and second switch- 
es; and 

a third switch connected between the other ter- 
minal of said capacitor and said second power 
supply, 

wherein said first and second signal lines are 
connected to both terminals of said capacitor, and 
said first and second signal lines are connect- 
ed to said one side of said load. 

28. An apparatus according to claim 27, further com- 
prising: 

fourth and fifth switches connected in series 
between said first and second signal lines connect- 
ed to both terminals of said capacitor, 

wherein the node between said fourth and fifth 
switches is connected to said one side of said load. 
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29. An apparatus according to claim 27, further com- 
prising: \ 

sixth and seventh switches connected in series 
between a third power supply for supplying the 
voltage at said fourth or fifth level, and a fourth 
power supply for supplying the voltage at said 
sixth level; 

a capacitor whose one terminal is connected to 
the node between said sixth and seventh 
switches; and 

an eighth switch connected between the other 
terminal of said capacitor and said fourth power 
supply, 

wherein said third and fourth signal lines are 
connected to both terminals of said capacitor, and 

said third and fourth signal lines are connect- 
ed to said other side of said load. 

30. An apparatus according to claim 29, further com- 
prising: 

ninth and tenth switches connected in series 
between said third and fourth signal lines connected 
to both terminals of said capacitor, 

wherein the node between said ninth and 
tenth switches is connected to said other side of 
said load. 

31. An apparatus according to claim 28, wherein said 
fourth switch is turned ON after said first switch is 
turned ON. 

32. An apparatus according to claim 28, wherein said 
first switch is turned ON after said fourth switch is 
turned ON. 

33. An apparatus according to claim 27, wherein each 
of said first to third switches is made up from a MOS- 
FET and a diode connected to said MOSFET. 

34. An apparatus according to claim 27, wherein said 
first switch is made up from a p- or n-channel MOS- 
FET connected to said first power supply, and a di- 
ode whose anode is connected to the drain or 
source of said p- or n-channel MOSFET. 

35. An apparatus according to claim 27, wherein said 
second switch is made up from an n-channel MOS- 
FET connected to said second power supply, and a 
diode whose cathode is connected to the drain of 
said n-channel MOSFET 

36. An apparatus according to claim 27, wherein said 
third switch is made up into two sets of a MOSFET 
and a diode connected to said MOSFET, said two 
sets being connected to each other. 



37. An apparatus according to claim 28, wherein control 
of said first to fifth switches is performed in accord- 
ance with a program recorded in a recording medi- 
um. 

s 

38. An apparatus according to claim 1 , further compris- 
ing: 

first, fourth, and second switches connected in 
10 series between a first power supply for supply- 

ing the voltage at said first or second level, and 
a second power supply for supplying the volt- 
age at said third level; 

a capacitor whose one terminal is connected to 
15 the node between said fourth and second 

switches; 

a third switch connected between the other ter- 
minal of said capacitor and said second power 
supply; and 

20 a fifth switch connected between said first sig- 

nal line connected to the node between said 
first and fourth switches, and said second sig- 
nal line connected to said other terminal of said 
capacitor, 

25 

wherein said load is connected to the node 
between said first signal line and said fifth switch. 

39. An apparatus according to claim 1 , further compris- 
30 ing: 

first and second switches connected in series 
between a first power supply for supplying the 
voltage at said first or second level, and a sec- 
35 ond power supply for supplying the voltage at 

said third level; 

a capacitor whose one terminal is connected to 
the node between said first and second switch- 
es; 

40 fifth and third switches connected in series be- 

tween the other terminal of said capacitor and 
said second power supply; and 
a fourth switch connected between said first 
signal line connected to said one terminal of 

45 said capacitor, and said second signal line con- 

nected to the node between said fifth and third 
switches, 

wherein said load is connected to the node 
so between said fourth switch and said second signal 
line. 

40. An apparatus according to claim 27, further com- 
prising an offset circuit for generating an offset volt- 
es age on said first and second signal lines. 

41. An apparatus according to claim 29, further com- 
prising a circuit for supplying a voltage other than 
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said predetermined voltage to said load. 

42. An apparatus according to claim 41, wherein said 
load is a plasma display panel, and said apparatus 
further comprises a sixth switch between a power 
supply for generating a write voltage in reset period, 
and said fourth signal line. 

43. An apparatus according to claim 42, wherein the 
sum of the voltage supplied from said first power 
supply, and the voltage supplied from said power 
supply for generating a write voltage, is applied to 
said load. 

44. An apparatus according to claim 42, wherein only 
the voltage supplied from said power supply for 
generating a write voltage, is applied to said load. 

45. An apparatus according to claim 42, wherein a 
pulse in which the voltage being applied changes 
gradually with time elapsing, is applied to said load 
in reset period. 

46. An apparatus according to claim 29, further com- 
prising plurality of circuits for applying voltages oth- 
er than said predetermined voltage to said load from 
the respective power supplies. 

47. An apparatus according to claim 29, wherein said 
load is a line-sequential scan type plasma display 
panel, and said apparatus further comprises a scan 
driver circuit between said third and fourth signal 
lines for generating a pulse to be applied to said 
load in address period. 

48. An apparatus according to claim 27, further com- 
prising a power recovery circuit between said first 
and second signal lines. 

49. An apparatus according to claim 29, further com- 
prising a power recovery circuit between said third 
and fourth signal lines. 

50. An apparatus according to claim 48, wherein said 
power recovery circuit comprises two systems of 
resonance circuits. 

51. An apparatus according to claim 48, wherein said 
power recovery circuit comprises one system of a 
resonance circuit. 

52. An apparatus according to claim 48, further com- 
prising a diode between a coil in said power recov- 
ery circuit and said load. 

53. An apparatus according to claim 48, wherein said 
power recovery circuit comprises two capacitors for 
power recovery connected in series between said 



first and second signal lines, and a coil connected 
through a switching element to the node between _ 
r said two capacitors for power recovery. 

5 54. An apparatus according to claim 30, wherein said 
load is a plasma display panel, and said ninth switch 
serves as either of a switching element for generat- 
ing a pulse to be applied in address period, and a 
switching element for generating a pulse to be ap- 

io plied to said load in sustain discharge period. 

55. An apparatus according to claim 30, wherein said 
load is a plasma display panel, and said tenth switch 
serves as either of a switching element for generat- 
es ing a pulse to be applied in address period, and a 

switching element for generating a pulse to be ap- 
plied to said load in sustain discharge period. 

56. An apparatus according to claim 49, wherein said 
20 load is a plasma display panel, and said apparatus 

further comprises a scan driver circuit between said 
third and fourth signal lines for generating a pulse 
to be applied to said load in address period, and 
switching operation in said power recovery 
25 circuit performed with a switching element in said 
scan driver circuit. 

57. An apparatus according to claim 47, wherein said 
load is a line-sequential scan type plasma display 

30 panel, and said apparatus further comprises an in- 
tegrated circuit made up from scan driver circuits 
provided for the respective display lines of said line- 
sequential scan type plasma display panel. 

35 58. An apparatus according to claim 57, wherein said 
scan driver circuits are provided on both sides of 
said load, and said scan driver circuits and the driv- 
ing circuits on both sides of said load are made up 
into said integrated circuit. 

40 

59. An apparatus according to claim 11, wherein said 
load is a plasma display panel, and the voltages at 
said first and second levels respectively given 
through said first and second signal lines, are se- 

45 lectively applied to a common electrode of said 
plasma display panel, and the voltages at said 
fourth and fifth levels respectively given through 
said third and fourth signal lines, are selectively ap- 
plied to a scanning electrode of said plasma display 

50 panel. 

60. An apparatus according to claim 59, wherein volt- 
ages in opposite phases are respectively applied to 
said common and scanning electrodes so as to ap- 

55 ply said predetermined voltage to said load. 

61 . An apparatus according to claim 60, wherein the po- 
tential of address electrodes are set at the ground 
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level in sustain period. 

62. An apparatus according to claim 11, wherein said 
load is a line-sequential scan type and memory type 
plasma display panel in which scanning electrodes s 
and common electrodes are alternately disposed, 

said apparatus further comprises: 

an odd number common electrode driver for 
driving the common electrodes in odd numbers, to 
and an even number common electrode driver 
for driving the common electrodes in even num- 
bers; and 

an odd number scanning electrode driver for 
driving the scanning electrodes in odd num- is 
bers, and an even number scanning electrode 
driver tor driving the scanning electrodes in 
even numbers, 

either of said odd number and even number 
common electrode drivers comprises such first 20 
and second signal lines as defined above, and 
either of said odd number and even number 
scanning electrode drivers comprises such 
third and fourth signal lines as defined above, 
said scanning and common electrodes are driv- 25 
en at a timing by the combination of said odd 
number common electrode driver and said odd 
number scanning electrode driver, and the 
. combination of said even number common 
electrode driver and said even number scan- 30 
ning electrode driver, and at another timing by 
the combinatbn of said odd number common 
electrode driver and said even number scan- 
ning electrode driver, and the combination of 
said even number common electrode driver 3$ 
and said odd number scanning electrode driver, 
and 

voltages are thereby applied to said load with 
alternately switching the combinations of said 
drivers on the common electrode side and said 40 
drivers on the scanning electrode side. 

63. A driving method for applying a predetermined volt- 
age to a load, 

wherein the voltage of a first signal line is 4$ 
changed between first and third levels, and the volt- 
age of a second signal line is changed between said 
third level and a second level, and the voltage at 
said first level given by said first signal line in the 
state that the voltage of said second signal line is so 
set at said third level, and the voltage at said second 
level given by said second signal line in the state 
that the voltage of said first signal line is set at said 
third level, are selectively applied to said load. 

55 

64. A plasma display apparatus comprising: 

a plasma display panel; 



first and second electrodes provided for apply- 
ing a predetermined voltage to said plasma dis- 
playjganel to make aldischarge occur; and 
a driving circuit for driving said first and second 
electrodes, 

wherein the first electrode side of said plasma 
display panel is provided with a first signal line for 
supplying a voltage at a first level to said first elec- 
trode, and a second signal line for supplying a volt- 
age at a second level to said first electrode, 

the voltage of said second signal line is set at 
a third level and the voltage of said first signal 
line is set at said first level so that the voltage 
at said first level is supplied to said first elec- 
trode through said first signal line, 
the voltage of said first signal line is set at said 
third level and the voltage of said second signal 
line is set at said second level so that the volt- 
age at said second level is supplied to said first 
electrode through said second signal line, 
the second electrode side of said plasma dis- 
play panel is provided with a third signal line for 
supplying a voltage at a fourth level to said sec- 
ond electrode, and a fourth signal line for sup- 
plying a voltage at a fifth level to said second 
electrode, 

the voltage of said fourth signal line is set at a 
sixth level and the voltage of said third signal 
line is set at said fourth level so that the voltage 
at said fourth level is supplied to said second 
electrode through said third signal line, and 
the voltage of said third signal line is set at said 
sixth level and the voltage of said fourth signal 
line is set at said fifth level so that the voltage 
at said fifth level is supplied to said second elec- 
trode through said fourth signal line. 

65. A driving apparatus for applying predetermined 
voltages to a bad, 

said apparatus comprising a first signal line 
for supplying a voltage at a first level or a third level 
to one side of said load, and a second signal line 
for supplying a voltage at a second level or said third 
level to said one side of said load, 

wherein the voltage of said second signal line 
is set at said third level and the voltage of said first 
signal line is set at said first level so that the voltage 
at said first level is supplied to said load through said 
first signal line, or the voltage at said third level is 
supplied to said load through said second signal 
line, and 

the voltage of said first signal line is set at said 
third level and the voltage of said second signal line 
is set at said second level so that the voltage at said 
second level is supplied to said load through said 
second signal line, or the voltage at said third level 
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is supplied to said load through said first signal line. 

66. An apparatus according to claim 1 , further compris- 
ing: 

s 

first and second switches connected in series 
between a first power supply for supplying the 
voltage at said first or second level, and a sec- 
ond power supply for supplying the voltage at 
said third level; io 
a first capacitor whose one terminal is connect- 
ed to the node between said first and second 
switches; 

a third switch connected between the other ter- 
minal of said first capacitor and said second is 
power supply; 

a sixth switch, a second capacitor, and a sev- 
enth switch connected in series between said 
first and second power supplies; 
an eighth switch connected between said other 20 
terminal of said first capacitor and one terminal 
of said second capacitor; and 
fourth and fifth switches connected between 
said one terminal of said first capacitor and the 
other terminal of said second capacitor, 25 

69. 

wherein the node between said fourth and fifth 
switches is connected to said one side of said load. 

67. A driving method of a plasma display apparatus in- 30 
eluding a plasma display panel, said method com- 
prising: 

the first step of supplying a voltage at afirst lev- 
el to said plasma display panel to drive said 35 
plasma display panel, and supplying the volt- 
age at said first level to one terminal of a ca- 
pacitor to charge said capacitor with the voltage 70. 
at said first level; and 

the second step of outputting a voltage at a sec- *o 
ond level reverse in polarity to the voltage at 
said first level, from the other terminal of said 
capacitor, and supplying the voltage at said 
second level to said plasma display panel. 

45 

68. A driving method of a plasma display apparatus in- 
cluding a plasma display panel with at least a pair 
of electrodes for making a discharge occur, said 
method comprising: 

so 

the first step of supplying a voltage at afirst lev- 
el to one of said electrodes, and supplying the 
voltage at said first level to one terminal of a 
first capacitor to charge said first capacitor with 
the voltage at said first level; 55 
the second step of outputting a voltage at a sec- 
ond level reverse in polarity to the voltage at 
said first level, from the other terminal of said 



first capacitor, and supplying the voltage at said 
second level to said one of said electrodes; 
the third step of supplying a voltage at a fourth 
level to the other of said electrodes, and sup- 
plying the voltage at said fourth level to one ter- 
minal of a second capacitor to charge said sec- 
ond capacitor with the voltage at said fourth lev- 
el; and 

the fourth step of outputting a voltage at a fifth 
level reverse in polarity to the voltage at said 
fourth level, from the other terminal of said sec- 
ond capacitor, and supplying the voltage at said 
fifth level to said other of said electrodes, 

wherein said first and fourth steps are per- 
formed almost at the same time so that a voltage 
required for a discharge and obtained due to the po- 
tential difference between the voltages at said first 
and fifth levels is applied between said electrodes, 
and then said second and third steps are performed 
almost at the same time so that a voltage required 
for a discharge and obtained due to the potential 
difference between the voltages at said second and 
fourth levels is applied between said electrodes. 

A method according to claim 68, wherein : in either 
of said first and second steps, a voltage at a third 
level as a reference potential is applied to one of 
said electrodes after the voltage at said first or sec- 
ond level is applied to said one of said electrodes, 
and 

in either of said third and fourth steps, a volt- 
age at a sixth level as a reference potential is ap- 
pliedtothe other of said electrodes after the voltage 
at said fourth or fifth level is applied to said other of 
said electrodes. 

A driving method for applying a predetermined volt- 
age to a load, wherein 

the voltage of a first signal line is changed be- 
tween a first level and a third level, and the volt- 
age of a second signal line is changed between 
said third level and a second level, 
and the voltage at said first level given by said 
first signal line, or the voltage at said third level 
given by said second signal line in the state that 
the voltage of said first signal line is set at said 
first level and the voltage of said second signal 
line is set at said third level, and the voltage at 
said second level given by said second signal 
line, or the voltage at said third level given by 
said first signal line in the state that the voltage 
of said second signal line is set at said second 
level and the voltage of said first signal line is 
set at said third level , are selectively applied to 
said load. 
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71 . An apparatus according to claim 1 , further compris- 
ing: 

a transformer comprising a primary coil con- 
nected to a power supply for supplying the volt- 
age at said first level, and a secondary coil; 
a capacitor connected to both terminals of the 
secondary coil; 

a first switch connected between a power sup- 
ply for supplying the voltage at said third level, 
and one terminal of said secondary coil; 
a second switch connected between said pow- 
er supply for supplying the voltage at said third 
level, and the other terminal of said secondary 
coil; and 

third and fourth switches connected in series 
between said first and second signal lines con- 
nected to both terminals of said capacitor, 

wherein the node between said third and 
fourth switches is connected to said one side of said 
load. 

72. A driving apparatus for applying a predetermined 
voltage to a load, said apparatus comprising: 

first and second switches connected in series 
between a first power supply for supplying a 
voltage at a first level, and a second power sup- 
ply for supplying a voltage at a third level; 
a capacitor whose one terminal is connected to 
the node between said first and second switch- 
es; 

a third switch connected between the other ter- 
minal of said capacitor and said second power 
supply; 

a first signal line connected to said one terminal 
of said capacitor for outputting the voltage at 
said first level; and 

a second signal line connected to said other ter- 
minal of said capacitor for outputting a voltage 
at a second level reverse in polarity to the volt- 
age at said first level, 



signal line is set at said first level to output the volt- 
age at said first level through said first signal line, - 
and 

the voltage of said first signal line is set at said 
third level and the voltage of said second signal line 
is set at said second level to output the voltage at 
said second level through said second signal line. 

74. A power supply circuit of a plasma display panel 
with at least a pair of electrodes for making a dis- 
charge occur, for applying a predetermined voltage 
to one of said electrodes, said circuit comprising: 

first and second switches connected in series 
between a first power supply for supplying a 
voltage at a first level, and a second power sup- 
ply for supplying a voltage at a third level; 
a capacitor whose one terminal is connected to 
the node between said first and second switch- 
es; 

a third switch connected between the other ter- 
minal of said capacitor and said second power 
supply; 

a first signal line connected to said one terminal 
of said capacitor for outputting the voltage at 
said first level; and 

a second signal tine connected to said other ter- 
minal of said capacitor for outputting a voltage 
at a second level reverse in polarity to the volt- 
age at said first level. 
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wherein the voltage at said first level given by 
said first signal line, and the voltage at said second 
level given by said second signal line are selectively 
applied to one side of said load. 

73. A power supply circuit of a plasma display panel so 
with at least a pair of electrodes for making a dis- 
charge occur, for applying a predetermined voltage 
to one of said electrodes, said circuit comprising: 

a first signal line for outputting a voltage at a 
first level, and a second signal line for outputting a 55 
voltage at a second level, 

wherein the voltage of said second signal line 
is set at a third level and the voltage of said first 
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